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Standard Operating Procedures 


 
SOP #1:    Field Season Preparation  
SOP #2:    Training and Safety  
SOP #3:  Using the GPS  
SOP #4:    Decontamination and Cleaning of Equipment 
SOP #5:    Calibration of Multi-probe sampler   
SOP #6:    Field Measurements and Water Sample Collection 
SOP #7:    Secchi Disk Sampling 
SOP #8:    Processing Water Samples and Analytical Laboratory Requirements 
SOP #9:    Habitat Assessment 
SOP #10:  Plant Identification Survey 
SOP #11: Data Entry and Management 
SOP #12: Data Analysis  
SOP #13:  Reporting 
SOP #14:  Post-Season Procedures 
SOP #15:  Quality Assurance/Quality Control Standard 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


 







Standard Operating Procedure #1: Field Season 
Preparation 
 
 


Introduction 


Prior to the field season, many preparations must be completed to ensure sampling can be 
undertaken according to schedule. The field season for sampling inland lakes is generally from 
May through October. All details for the season need to be planned well in advance. Field 
preparations should begin in January to allow enough time for ordering new supplies and 
equipment, if necessary. Table 1 provides a checklist and general guidance for activities 
conducted prior to sampling. Many of these activities are discussed in more detail in other SOPs. 
 
Table 1. Checklist of activities to be conducted prior to sampling inland lakes. 
 


√ Activity Description 
 Prepare calendar of planned field trips Includes sampling dates, locations, personnel 
 Review sampling methods to determine if 


revision is needed 
Check web reference to see if method has been updated 
from version currently used 


 Review checklists of equipment and 
supplies required; prepare list of items to 
be ordered 


Check each Standard Operating Procedure for detailed 
equipment lists; check expiration dates of reagents, 
standards, and other chemicals 


  
Order supplies 


Includes calibration standards, pre-cleaned bottles for 
sample collection (if not provided by the contract 
analytical laboratory) , sample preservation solutions 


 Clean and test equipment; charge or 
replace batteries as needed 


Includes multiparameter sonde, integrated sampling tube, 
kemmerer, back-up instruments, ropes, thermometers, 
camera, GPS unit, cell phone or radio 


 Ensure the latest versions of software are 
being used Includes mulitparameter sonde, data-logger, computer 


 Prepare equipment blanks Must be done annually 


 Check field vehicle and boat for safety 
equipment and supplies 


Includes material safety data sheets, flares, flashlight, 
gloves, extra sampling bottles, etc. 


 Schedule boat training, if necessary  


 Update field folder Include maps, site information, field forms, sampling 
procedures 


 Prepare headers on field data forms, chain 
of custody forms, analytical service request 
forms, bottle labels 


Header information should be cross-checked with data 
storage 


  
Review sample collection, processing, and 
documentation information 


Includes methods, lab codes, bottle type, and sample 
collection and processing procedures; sample shipment; 
quality control samples. 


 Provide supervisor with schedule  


 







 


Read the Entire Protocol 


Periodically read through the entire protocol, including all standard operating procedures (SOPs). 
Be sure to understand the purpose for which the various types of data will be collected and review 
the SOPs for the types of measurements and samples needed. Be alert for portions of the protocol 
or SOPs that may be in need of revision. 
 
Prepare Calendar of Planned Field Sampling 


Well in advance of the field season, prepare a calendar of sampling dates for the entire season. 
Allow for the possibility of bad weather days, when sampling may have to be postponed. Include 
the location of sampling, dates, parameters to be measured, personnel, and any notes. 
 
 


Review Checklists of Equipment and Supplies 


Checklists help ensure that equipment and supplies will be ordered on time, data collection 
activities will be completed appropriately, and data quality objectives will be met. Review the 
detailed equipment lists that are included with each standard operating procedure. Pay attention to 
expiration dates on reagents, calibration standards, and all other chemicals.  
 


Review Sample Collection, Processing, and Documentation 


Conduct a thorough review of “Field Measurements and Water Sample Collection” (SOP #6) and 
“Processing Water Samples and Analytical Laboratory Requirements” (SOP #8). 
 
Determine current contract analytical laboratory information.  Verify lab procedures and Chain of 
Custody (COC) Forms. 
 
 
Update Field and Office Binders 
 


Field binders should contain reference information specific to each sampling station, including 
maps, photos, previous data, field forms, and summaries of sampling and QA/QC procedures. 
The office binder should contain reference information relevant to general field sampling 
procedures, including quality assurance/quality control (QA/QC) reminders, copies of all SOPs 
relating to safety, decontamination, sample collection and processing.  Office binders include  
copies of equipment instructions and troubleshooting, calibration logs, and Chain of Custody 
forms.  The field binder should be brought on every field trip. 


 


 







 
 
 
Each year, prior to the sampling season, the field binder for each monitoring site should be 
reviewed and the following information updated as needed: 
 
 


• Location of sample-collection sites. Review field notes for any indication that the 
location for sample collection may need revision. Update protocol if necessary. 


 
• Photographs to document site conditions. Take new digital photograph annually. 


 
• Maps to site (state and local). Review map for accuracy; update if necessary. 


 
• Review previously collected chemical, physical, and biological data. A summary of 


previously-collected data or copies of previous field data sheets should be in the field 
folder so that water column profiles and Secchi data can be compared to previous 
surveys. Familiarity with previously collected data is a critical quality assurance (QA) 
element for early detection of possible instrument malfunction. 


 
• Summaries of field procedures, QA/QC procedures, instrument stabilization criteria, etc. 


Prepare brief outlines reminding field personnel of routine procedures, including all 
changes from the previous year. 


 
Each year, prior to the sampling season, the office binder should be reviewed and the following 
information updated as needed: 


 
• Safety information (SOP #2). Verify/update “Medical Information Form for Field 


Personnel” and “Emergency Contact Form”. 
 


• Sampling schedule and instructions. Ensure the following information from SOP #6 
(Field Measurements and Water Sample Collection) is included in the office binder: 
laboratory analyses to be requested and associated codes, when to collect samples, bottle        
types needed for each analytical schedule, preservation requirements, quality control 
sample requirements, and shipping instructions. Verify information is correct and report 
and reconcile any discrepancies to supervisor. 


 
• Decontamination procedures (SOP #4). Ensure that the most recent information on 


presence of exotic species and need for decontamination of equipment has been updated 
in the office binder. 
 


• Analytical service request forms, data collection field forms, chain of custody forms, 
sample bottle labels. Prepare as much of the field forms as possible in advance. For each 
station, complete the header information, including the project ID, station ID and station 
name and other required information. Place enough blank field forms in office folder to 
last entire field season. 


 
• Ensure that copies of the current field procedures are included in the office folder. 


Include calibration and maintenance procedures specific to the instruments to be used. 


 







Clean and Test Equipment 


Clean and test all sampling equipment, including multiparameter sonde, Kemmerer and integrated 
tube samplers, camera, GPS units, and any back-up meters. Check calibration of metered ropes   
to ensure accurate depth measures. Start each new field season with fresh batteries and replace 
spares in field tool kit. Ensure the latest versions of software are loaded onto the multi-probe, 
data-logger, and computer. 
 
 
Vehicle, Boat, and Safety Gear 


Check maintenance schedule of field vehicle and arrange maintenance, if needed. Check boats 
and vehicle for safety equipment such as MSDS sheets, flares, spare tire, triangles, cones, first aid 
kit. Prepare a list of supplies needed and present list to supervisor. If using a trailer, ensure that 
tail-lights are in working order. Check that field tool-kit is complete and replace tools, as needed. 
 
Training and Safety 


Keep current with training and the laboratory requirements associated with your data collection 
activities. New technicians will need basic skills training, including classroom instruction, hands- 
on training, and pilot-testing of equipment. All field staff should attend the week-long pre-season 
training. If boat training is needed, be sure to schedule the training early in the season.  


Field Reconnaissance 


Make field reconnaissance trips, if possible. Visit the sampling sites to be sure that conditions 
have not changed from the previous year. Note conditions that could affect sampling operations, 
such as the seasonal high or low water levels, or site access peculiarities. Ensure all roads are 
passable and landing areas are accessible.  
 
Communicate with Supervisor 


Ensure the lake coordinator is informed of supply needs, problems with instruments, changes in 
sampling schedule, changes in sampling site conditions, and other needs that may have an impact 
on the project budget, data collection, schedule, or sampling design. 
 
 
 
 
 
 
 
 
 


 







Standard Operating Procedure #2: Training & Safety 
 
Introduction 
Prior to collecting data and water samples in the field, the field crew members must be trained in 
standard, repeatable techniques and procedures that will be used throughout the season.  A 
combination of classroom and field training will occur at the start of each field season. SOEI 
research assistants, who have demonstrated proficiency in basic technical skills, will participate in 
the review of all methods and techniques and will assist in training on new research technicians.  


  Procedures, boat operation and safety, equipment, sample collection and processing, and 
equipment decontamination are critical to the success of the water quality monitoring program. 
This SOP includes procedures for training in the specific water quality related skills and 
knowledge necessary for collecting good data and understanding those data. The Lake 
Coordinator will conduct, or arrange for, intern training at the start of field season.   
 
The responsibility of the program coordinator and student researchers is to conduct all field work 
related to the lake program.  Responsibilities and training for all field staff include: 


 
• Completion of all pre-field season preparation 
• Completion of Northland College Van and Trailer and Wisconsin Boat Safety 


Certifications 
• Calibration of equipment according to protocols and manufacturers’ directions 
• Field sampling, collection handling and data recording performed according to SOPs 
• Assurance that all QA/QC procedures are implemented 
• Communication of progress/accomplishments with the Lake Coordinator  
• Download, entry, and verification of data into databases  
• Documentation and maintenance of data collection details, accurate field data and office 


notes 
• Scanning hard copies of data forms and storing electronically on a regular basis 
• Represent Northland College in a professional manner while maintaining 


positive communication among the College, resource professionals, and the 
public 


 
Student researchers need a background/coursework in biology, chemistry, or other related physical 
or biological science. Prior field experience, boat and motor operation, and laboratory experience 
is preferred.  All students must be physically fit and able to swim, move heavy equipment, work 
long hours in inclement weather, and must wear a personal flotation device (PFD) on the lake. 
 
Classroom Training 


• Basic limnology concepts and field sampling equipment 
• Review of all SOPs for the project and field data sheets 
• Calibration, acceptable criteria, operation, and maintenance of all meters, probes, and 


GPS equipment 
• Troubleshooting tips for equipment 
• Completion of calibration and lab sheets, sample labels, data and Chain of Custody forms 
• Methods for sample collection, handling and preservation 
• Methods for equipment decontamination and cleaning 


 







Use of Multi-Sensor YSI Professional Plus Water Quality Instrument 
 
Each type of multi-sensor instrument comes with specific instructions on use and care. The Sigurd 
Olson Environmental Institute uses an YSI Professional Plus meter (serial # 13E100102). Guidelines 
for calibration and use of the meter are included in SOP #5.  Follow manufacturers’ manual for 
instructions and check their websites for updates or changes to instructions. 
 
Training for use of the YSI includes: 
 


• calibration procedures and acceptance criteria 
• keeping a calibration log 
• maintenance, including replacing fluids and membranes 
• creating files on the data logger 
• storing data on the data logger 
• downloading data to a laptop computer 
• use of the instrument in a field setting, including depth profiles and equilibration 
• troubleshooting 


 
Students will have the opportunity to practice the skills learned prior to the actual sampling until 
they are comfortable with the use of the instrument. 
 
Use of a Global Positioning System (GPS) 
 
Location information must be gathered via GPS for each site during each visit. Training in the use 
of a GPS will include navigation to a known location, acquiring location information, storing 
data, and downloading data. Details on the use of a GPS can be found in SOP #3. 
 
Field Data Sheets Recording 


• Record data only on the appropriate SOEI field sheet: Lake Water Quality Monitoring 
Field Data Sheet, Lake Habitat Assessment or Aquatic Plant Survey   


• Print legible (as big as possible) with a PEN.  Clearly distinguish letters and numbers.  
• If you make an error when recording data, cross out the error with a single line, rewrite the 


correct information, and initial the correction.  
• Accurately and completely record all information on all data sheets. 
• Record information on first and last lines, and then connect using a wavy vertical line. 
• Record comments legibly in the “Comments” field only and do not doodle on the forms. 


 
Water Sample Collection Labels and Data Sheet Recording 
Prior to field visit: 


• Label all water sample bottles prior to lab departure with tape and a permanent marker 
that leaves fine, clear text.  A sample lab is posted in the lab. 


In the field: 
• Record the time of sample on each sample bottle with permanent marker. 
• Record the time and depth of sample  


 
The lab sheets can be photocopied onto Rite-in-the-Rain paper for use in the field.  Upon arrival 
back to lab the data can be copied back to original lab sheets for shipment with water samples if 
necessary.   
 
 







Field Training 


In addition to the classroom training described above, a variety of hands-on training and practice 
prior to the first sampling period will help ensure high quality data collection. Familiarity with the 
use and maintenance of equipment, procedures for collecting and processing water samples, 
techniques for cleaning field and laboratory equipment, and safe use of watercraft are essential to 
the success of the water quality monitoring project.  
 
 
Field Methods 
 
In addition to collecting data with the multisensor instrument, a field data sheet must be 
completed, a water sample must be collected, and the water level must be determined at each 
site. Prior to the field season, the field crew will receive training in and have the opportunity to 
practice the following: 
 


• completing the field data sheet 
• using an integrated sampling tube 
• using a kemmerer 
• decontaminating equipment between lakes to avoid transfer of species from one lake to 


another, and determining when decontamination is necessary 
• following QA/QC procedures 


 
Processing Water Samples 
 
Whether the water samples are processed for further analytical laboratory analysis in the field or 
back at the office or lab, strict procedures must be adhered to. Crew members will be trained in, 
and will have the opportunity to practice the following techniques: 
 


• handling water samples so as to avoid contamination 
• rinsing and filling bottles from the analytical laboratory 
• preserving samples for various chemical analyses 
• filtering samples for various analyses 
• packing samples for shipment to analytical laboratory, if necessary 
• filling out chain of custody forms 
• following QA/QC procedures 


 
Cleaning Field and Laboratory Equipment 
 
Field and laboratory equipment must be cleaned between lakes or samples to avoid contamination 
with water from the previous sampling site. Training in proper techniques will include: 
 


• cleaning boat and equipment with bleach solution 
• rinsing with distilled or de-ionized water 


 
Boat Training 
 
Prior to operating a NC boat, Wisconsin Boater Safety Certification is required. This certification 
will take place on-line for each student during the first week of training.  Basic boat identification and 
 







safety will be covered by Lake Program Coordinator.   
 
Clean Boats, Clean Waters 
Students will be trainined for the Clean Boats, Clean Waters boat inspectrion program by County 
AIS staff and WDNR during the first week of training.  
 
Quality Assurance and Quality Control 
QA/QC is integrated into routine and standard methods, ensuring that project 
deliverables/expectations are surpassed, and that data are precise, representative, meaningful, and 
repeatable.  These include:  


• Standardized training and Standard Operating Procedures for all methods 
• Maintenance, review and updates of lake program field sampling methods 
• Lake Monitoring Field Binder: GPS coordinates for site verification, lake maps with 


sites, data sheets (WQ, habitat, or aquatic plant survey), copies of previous data for 
comparison 


• Equipment Calibration Log and Accepted Criteria for multi-parameter sonde probes 
• Replicate water samples/field measures, re-assessment for shoreline habitat/aquatic 


plants  
• Field data forms and database electronically maintained 


Further QA/QC measures on calibration frequency and data management are at the end of this 
protocol.  Method specific QA/QC are listed in each SOP or Standard Operating Procedures 
#12. 
 


Safety Procedures 


Safety of students should always be the first concern in conducting a sampling program and in the 
selection of sampling sites. Field work requires an awareness of potential hazards and knowledge 
of basic safety procedures.  
Safety Procedures 
All students are trained on the following topics to ensure safety of all field staff:   


• Van and Trailer Certification through Northland College  
• Wisconsin Boating Safety Certification 
• Proper field clothing and gear (including PFD use) for weather conditions  
• Handling of chemicals and other hazardous material 
• Proper safety practices and clothing for all lab and field procedures 
• Equipment and boat training, safety check, and maintenance  
• First aid kits in daily field equipment and vehicles 
• Allergies to bee stings, other insects, or plants must have personal precautions 
• Field visits require at least two staff at all times 


 
Basic Safety Preparation 
 
Basic preparations should become routine before every sampling activity. SOEI office staff and 
supervisor should be made aware of sampling schedule including: 
 


• field participants 
• departure and expected return time(s) 
• basic itinerary, including where and when sampling will occur 


 







• phone numbers for cellular phones 
 
Field work should be done in pairs. Always carry a cellular telephone. Carry basic safety 
equipment, including first aid kit, rain gear, etc. Be aware of changing weather conditions and the 
potential for storms. Be aware of potential hazards at a monitoring site. Carry general safety 
information in each vehicle or boat, including: 
 


• material safety data sheets (MSDS) for preservatives (stored in lab) 
• basic first aid protocols 
• emergency phone numbers 
• locations of emergency facilities (hospitals, police and fire departments, U.S. Coast Guard) 


 
Medical Forms and Safety Equipment Checklists 
The following pages contain medical forms and equipment checklists for field personnel. Prior to 
the field season, complete as much of the medical information as possible. Confirm all contact 
information annually. Medical information sheets should be completed for each individual 
venturing into the field. 
 
Checklists are helpful for ensuring that personnel have the appropriate safety equipment available 
during field trips. Students should consider their specific needs and should customize the 
checklists as necessary. The field crew and project manager will discuss the checklists and 
determine which items are necessary


 







 
Emergency Contact Form for: name  


 
 


Emergency contacts 
#1 Name: Relationship:    


Phone: (home) (work)     
 
 
 
 


 Information Form (retain in office) 
 


Employee name: Home           phone:    
 


Treatment preference: medical other         (specify)    
 


Doctor:    Phone:    
 
 


Medication/ Special instructions: 


 







 
 


 
 
 
 


 


 







Standard Operating Procedure #3: Using a GPS 
 


Introduction 


This Standard Operating Procedure (SOP) provides guidance on operations relevant for baseline 
monitoring of aquatic plants in WI inventories and lake habitat assessment inventories.  


 
The GPS units currently (2013) used by the SOEI staff is the Trimble Juno series. The mapping-
grade unit records data with location accuracy ranging from sub-meter to less than five meters. 
The detailed description of GPS use for aquatic plant monitoring and habitat assessment are found in the 
respective SOPs. 


 
As of 2013, software pertinent to the use of these GPS units includes: 


• TerraSync (Trimble Juno) – single table forms software 
• GPS Pathfinder Office 4.xx (Trimble) – desktop GPS processing software 
• ESRI ArcGIS 9.x (Trimble) – desktop GIS software 


 
Role of GPS in Water Quality Monitoring on Inland Lakes, 
Baseline Monitoring of Aquatic Plants, Habitat Vegetation 
Assessment 


GPS units are primarily used in the following ways to support water quality monitoring on inland 
lakes: 


 
1) For water quality monitoring on inland lakes, navigating to, or confirming sample 


locations of monitoring stations is accomplished through a combination of: 
• Using GPS units to navigate to previously established GPS point locations 
• Using hardcopy topographic maps and written notes with site descriptions 
• Using a depth sounder to verify site is at the deepest location 


 
2) Accurate station location descriptions must be recorded and carefully followed by 


sampling personnel on subsequent field visits for water quality monitoring.  
 


 GPS Settings 
 
Positional accuracy of GPS data can be affected by several factors that can be monitored and 
recorded with mapping-grade GPS units.  


 
GPS signals are received in the WGS84 datum. GPS data that will receive no post- processing 
differential correction, unlikely with a mapping grade receiver, can be collected in native WGS84 
or NAD83 (CONUS), and ensuring that the datum used is recorded in the metadata.  


 
If a project requires navigation to preset locations or waypoints, this information must be pre- 
loaded onto the GPS hardware before starting a field data collection mission, unless the locations 
have been previously stored on the GPS. Having printed copies of bathymetric maps with 


 







sampling sites marked is a good backup and can maximize field time and efficiency.  
 
It is extremely important that each user become familiar with the battery power and memory 
capabilities of the GPS units. Make sure a backup battery is in the equipment bin and that the GPS is 
charged nightly. 
 


Data Collection 
 
Data collection should be performed using an approved data dictionary or database for the 
protocol, if applicable. Moreover, users should be mindful of the following concepts: 


 
• If using a GPS unit that gives an approximate 5m horizontal accuracy, the user cannot 


map anything as a polygon that is less than 4 to 6m in width or diameter. Such objects 
must be captured as point features. 


• If a GPS user is collecting a line or polygon feature and then stops moving, the GPS unit 
will continue to collect data. Users need to be familiar with the Pause/Resume toggle key 
and use it liberally. This technique greatly improves subsequent data quality and reduces 
the need for time-consuming spatial editing. 


• Another way to avoid errors is to collect point features that represent the beginning and 
end points of a line transect. 


 
 
 
Data Processing 
 


When data collection is complete for the day or round of sampling, data are downloaded from 
the GPS unit to a computer.  


 
The last step in processing data is exporting the data set to GIS (ArcGIS or ArcView).  Great 
care should be taken to not overwrite this file when exporting other data, as the software will 
continue to use this generic naming convention the next time it is used. 


 
• Download all data to a computer or network drive that is regularly backed up. 
• Keep GPS data and GIS data separate through electronic file management. 
• Directories and files names should not contain non-alpha-numeric characters and/or 


spaces (except underscores). 
• Keep GPS data in well-organized directories. 
 


At the end of a project, all data and background files should be removed from the GPS unit to 
free available memory. Data files should not be left on a unit if they have been properly 
downloaded and verified.  
 
 
Data Processing 
 
Data should be downloaded from GPS units once a day or after each field session. The DNR 
Garmin freeware product: 
(http://www.dnr.state.mn.us/mis/gis/tools/arcview/index.html ) can be used to download data 


 



http://www.dnr.state.mn.us/mis/gis/tools/arcview/index.html





from Garmin GPS units. Data should be downloaded both as a text file and a shapefile. Each file 
name should include the download date. Points should be checked for reasonable spatial 
accuracy and errors. Subsequent downloads should be error-checked in the same manner. When 
data collection is finished, all files should be compiled into one spatial file, and along with the 
raw downloads, should be saved to the appropriate location on Great Lakes Network servers 
(refer to SOP #8, Data Entry and Management for more detail). 


 
Metadata 


Regardless of the type of GPS unit used to collect data, all resulting GIS datasets need to have 
information documenting how the GPS data were collected. Documentation can be a simple 
‘readme’ text file, or a detailed daily log. 


 
It is recommended that formal metadata be written by the data collectors, as they are the ones 
familiar with the project and resulting data. However, Network data management and GIS staff 
usually end up documenting someone else’s work. At a minimum, the following details should be 
documented to facilitate final NC metadata: 


 
• Name of project 
• Name(s) of data collectors 
• EHE/EPE or maximum PDOP (using 4 satellites) 
• Coordinate system (projection, datum, and zone) 
• Type (or types) of GPS units used 
• The range of field collection dates 
• Name of base station(s) used for differential correction 
• Name and version of software used for downloading 
• Any major editing performed on the raw data (e.g., moving of points) 
• All versions of data dictionaries used 


 
 
 
 
 
 
 
 
 


 
 
 
 
 
 


 







Standard Operating Procedure #4: Decontamination 
& Cleaning of Equipment 


 
 


Introduction 
The Sigurd Olson Environmental Institute has adapted decontamination activities from the 
Wisconsin Department of Natural Resources Aquatic Invasive Species Decontamination 
Procedures. 


Aquatic invasive species (AIS) are an issue of increasing concern nationwide. As we conduct 
water quality monitoring on inland lakes, we are concerned with the limited suite of AIS that 
can adhere to, or passively catch on, sampling equipment (including waders, boats and trailers). 
In this standard operating procedure (SOP) we will focus on aquatic plants, zooplankton, and 
mussels. 


 
Wisconsin’s Prevention Measures 
Before launching and before leaving you must: 


• Inspect boats, trailers, and equipment. 
• Remove all attached aquatic plants and animals. 
• Drain all water from boats, vehicles, and equipment. 
• Never move plants or live fish away from a water body. 


 
What is Decontamination? 
Decontamination is a process that eliminates organisms and viruses from equipment using means 
such as: 


• Hot water (140 degrees F) 
• High pressure spray 
• Chemical spray/soak 
• Drying 


 
Equipment and Supplies 


The supplies and equipment required for decontamination of sampling equipment between 
lakes consists of: 


• tap water 
• hose and sprayer nozzle 
• bleach solution 


 
Motorized Boats & Equipment 
(If any non-motorized boat should ever be used, the following decontamination procedure would 
apply). 
 
Procedures for Decontamination 
Boats: Spray with a 0.5% bleach solution—keep wet for 10 minutes. Rinse with water. 
Ropes and anchor lines: Soak in a 0.5% bleach solution for 10 minutes. 
Multiprobe: Rinse in distilled water in lab. 


 







Other options: (These options are better than what we currently do, but not feasible due to time and 
finance constraints). 


• Hot water pressure wash hull (commercial car wash) 
• Dry for at least 5 days before reuse—in direct sunlight is best. 
• Professional decontamination (140 degrees F and 2,500 psi pressure). 


 
Many AIS, especially plants can be controlled by simply being vigilant and periodically 
examining equipment, clothing, and boots and removing materials suspected to be an AIS species.  
 
Basic guidelines: 


• Be vigilant about periodically checking boat, trailer, and equipment, upon arrival and 
departure from sampling sites. Look for signs of AIS, especially plant materials. 


• When possible, avoid using equipment on both infested and uninfested waters. 
Designate a set of equipment for both types of waters. 


• When possible, begin sampling with sites not known to harbor exotic species; 
sample sites known or suspected to contain exotic species last. 


• Thoroughly clean or disinfect all equipment between uses in all inland waters. 
• When possible, allow sampling equipment, to dry for 10 days after sampling a water 


body known to be infested with AIS. 
 


 
Step-by-Step Procedure: 


When finished at a sampling site and before sampling the next site: 
• Remove or rinse mud, plant material, invertebrates, and other visible organic 


material from boots, nets, and all sampling equipment. 
• Non-electronic gear, such as lines, tapes, dipnets, wading boots, should be sprayed with a 


0.5% bleach solution and let sit for 10 minutes before rinsing with water. Electronic 
equipment such as flow meters, depth probes, temperature probes, data collection sondes, 
and associated cables should be rinsed with copious amounts of tap water and cleaned 
with brushes and/or clean rags. 


• Pay particular attention to lines, cracks, and crevices in equipment, and rinse well. 
• Visually inspect all gear to verify that all equipment and gear has been cleaned and 


rinsed. 
• Take measures to allow equipment to dry out as completely as possible. 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


 







Standard Operating Procedure #5: 
Calibration of Multi-probe Sampler 


 
Introduction 
This SOP provides instructions, tips and troubleshooting suggestions for calibrating the YSI 
Professional Plus meter.  For specific details, refer to the Pro Plus User Manual. 
 


Installing and Uninstalling/Re-installing Sensors 
When installing sensors for the first time AND when replacing the old, YSI recommends that you 
install the pH probe into port 1 first; followed by DO installation, and lastly 
conductivity/temperature into port 2.  If you are replacing one, remove and dispose that sensor, 
then remove  remaining sensors and re-install in the order instructed, otherwise the YSI will 
not calibrate. 
 
It is important that the entire sensor connector and cable connector be dry when installing, 
removing or replacing sensors. This will prevent water from entering the port. Once a sensor is 
removed, examine the connector inside the port. If any moisture is present, use compressed air to 
completely dry the connector or place directly in front of a steady flow of fresh air.  
 
Step 1:  Hold the cable with bulkhead in one hand, and the sensor in the other hand.  Notice the two 
O-rings on the sensor.  O-ring lubricant is applied to these rings prior to shipping from YSI and 
there is no need to re-apply on new probes.  However, if you have removed probes that are still 
good and will be re-stalled then you will need to apply O-ring lubricant to these. 
 
Step 2:  Align the pin in the bulkhead and the sensor connector and push together until only one O-
ring is visible.  Do not begin threading before the sensor is firmly seated.  Failure to fully seat the 
sensor may damage the sensor.   
 
Step 3:  Once the sensor is fully seated in the bulkhead and only one O-ring is visible, turn the 
sensor clockwise to engage the threads.  Finger-tighten until the sensor is flush with the bulkhead.  
Sensor installation is now complete.  


 


Barometric Pressure Reading 
Before calibrating the YSI, you need to collect the current, local barometric pressure with the Hach 
HQ40d meter and enter it into the YSI upon calibration.  Use the Hach probe marked with red tape:  
 


1. Connect Hach probe to the HQ4od instrument and turn instrument on. 
2. Go to wrench and select LD0101 settings. 
3. Select modify. 
4. Select measurement. 
5. Select pressure units. 
6. Selects mmHg. 
7. Press Exit Button (4x). 
8. Press read. 


 
 







 
Calibration  
 
Temperature 
Before calibrating the YSI, verify that the temperature sensor is reading accurately by comparing it 
to a known. The YSI temperature sensor cannot be calibrated nor should calibration be required.  
 


TROUBLESHOOTING  
If the temperature sensor is not reading accurately, ensure that it is clean and free of debris. The 
conductivity cleaning brush and warm water with mild detergent can be used for cleaning. 
 
Dissolved Oxygen 
The dissolved oxygen sensor should be calibrated each field day. It is not necessary to calibrate in 
% and mg/L or ppm. Calibrating % will simultaneously calibrate mg/L and ppm and vice versa.  
CALIBRATION  


1. The Pro Plus should be calibrated in water-saturated air.  
2. Make sure that there is a good membrane with fresh electrolyte (O2 probe solution) installed on 


the DO sensor. The membrane should be clean and free of wrinkles. There should not be any air 
bubbles present under the membrane. Membranes should be changed regularly and generally 
last 2-8 weeks depending on use and storage.  


3. Moisten the sponge in the calibration cup with a small amount of clean tap water and engage 
two threads when tightening calibration cup into bulkhead to allow air exchange. 
The sponge and calibration cup should be clean since bacterial growth may consume oxygen 
and interfere with the calibration. Be sure the sensor is not in the water, and that there are not 
any water droplets on the membrane or temperature sensor. 


4. After entering the % calibration mode, wait up to 10 minutes for the container to saturate. 
5. Select: Accept Calibration. 
6. Press system button then the GLP file and check the DO calibration and read it in your log. 
7. If you receive a warning message stating that the calibration is questionable, do not continue 


with the calibration. Instead, select ‘No’ and investigate what is causing the questionable results. 
If you accept a questionable calibration, your DO readings will be erroneous. Typical causes of 
a calibration error message include: incorrect sensor, membrane or port setup in the instrument, 
incorrect barometric pressure information, a bad membrane or a sensor that needs reconditioned.  


 


TROUBLESHOOTING  
 


1. Ensure that the correct sensor type and membrane type are enabled in the Sensor Setup Menu. 
Galvanic sensors have a gray probe body and Polarographic sensors have a black probe body.  


2. Ensure that the DO sensor is installed in the port labeled DO.  
3. Ensure the Pro Plus barometer is reading accurately.  
4. Install a new membrane with fresh electrolyte onto the DO sensor and re-install all probes as 


instructed above. 
5. If you suspect port contamination, remove the sensor and follow Cleaning a Sensor Port tips.  
6. If you continue to have trouble calibrating the DO sensor, contact an YSI Representative.  


 







 


Membrane Cap Installation  
The DO membrane and electrolyte solution (O2 solution) should be changed once every 2-8 weeks 
depending on use and storage. In addition, the membrane and electrolyte solution should be 
changed if (a) bubbles are visible under the membrane; (b) significant deposits of dried electrolyte 
are visible on the membrane; or (c) if the sensor shows unstable readings or other sensor-related 
symptoms. To install a new membrane cap follow these instructions:  
1. Remove the calibration cup to access the sensor tip.  
2. Unscrew and remove any old membrane cap by holding the sensor when unscrewing the 


membrane cap. Discard the used membrane cap.  
3. Thoroughly rinse the sensor tip with distilled or DI water.  
4. Fill a new membrane cap with the appropriate electrolyte solution that has been prepared 


according to the directions on the bottle. Polarographic sensors use electrolyte labeled 
(KCl/Na2SO4). Do not touch the membrane and gently tap membrane cup to remove bubbles.  


5. Thread the membrane cap onto the sensor. It is normal for some electrolyte to overflow.  
 


Conductivity  
The conductivity calibration should be verified every day the instrument is used. However, the 
conductivity sensor is very stable and may hold its calibration for several weeks.  
 


CALIBRATION  
1.   It is not necessary to calibrate conductivity, specific conductance and salinity. Calibrating one 


will also calibrate the others. YSI recommends specific conductance for greatest accuracy.  
2.   Ensure the conductivity sensor is clean and dry before performing the calibration.  
3.   Always use fresh, conductivity calibration solution when calibrating the conductivity sensor.  


a.  The shelf life of conductivity solution is one month after being opened. Be sure to write 
the open date on the bottle so you know that you are using good calibration solution.  


b.  Calibrate with a conductivity solution that is 1000 uS (microsiemens).  
4.   Pre-rinse the calibration cup and sensors with a small amount of calibration standard.  
5.   When calibrating the conductivity sensor, the calibration solution must cover the vent hole on 


the sensor. Ensure the entire conductivity sensor is submerged in the solution.  
6.   After placing the sensor into the solution, gently move the sensor up and down to remove any 


air bubbles that may be trapped in the conductivity sensor.  
7.   If calibrating Specific Conductance, enter the value of the conductivity solution (1000 uS).  
8.   If you receive a warning message stating that the calibration is questionable, do not continue 


with the calibration. Instead, select ‘No’ and investigate what is causing the questionable results. 
If you accept a questionable calibration, your conductivity readings (and your DO mg/L 
readings) will be erroneous. Typical causes for this error message include: incorrect entries 
(entering 1000 uS/cm instead of 1.0 mS/cm), not using enough solution to cover the vent holes, 
air bubbles trapped in the sensor, calibrating in conductivity instead of specific conductance, 
dirty conductivity electrodes, and/or bad calibration solution.  


9.   After accepting a good calibration, press system button then the GLP file and check the 
conductivity cell constant for the calibration and record it in your log. For highest accuracy, the 
cell constant should be 5.0 +/- 0.5. However, the acceptable range is 5 +/- 1.0. A cell constant 
outside of this range indicates that a questionable calibration was accepted.  


 
 







 


TROUBLESHOOTING  


If you get an error message during calibration, be sure that you are:  
1. Entering the correct calibration value (1 mS/cm = 1000 uS/cm).  
2. Calibrating in Specific Conductance mode.  
3. Using enough solution to cover the vent holes on the sensor.  
4. Dislodging any air bubbles that could be trapped in the sensor.  
5. Using a fresh, traceable conductivity calibration solution.  
 
If you still receive an error message, check the conductivity sensor to make sure it is clean. A clean 
conductivity sensor should read less than 3 uS/cm in dry air. If your sensor is dry and giving you a 
reading higher than 3 uS/cm in air, it should be cleaned.  
 


pH 
The pH calibration should be verified every day the instrument is used. However, a new pH sensor 
may be capable of holding its calibration for several days. 
 


CALIBRATION  
 


1.   Use calibration buffers 4, 7 and 10 to calibrate pH.  
2.   Rinse the sensors and calibration cup with a small amount of pH buffer. Fill the cup so that the 


pH sensor tip and the temperature sensor are submerged in buffer.  
3.   If necessary, highlight the Calibration Value and enter the pH value of the buffer solution.  
4   Wait for the pH to stabilize in the each buffer and then press enter to accept each calibration 


point.  
6. Rinse the sensor and cal cup with a small amount of the next buffer between calibration points.  
7. After pressing enter to accept your last calibration point, press cal to complete the calibration.   
Otherwise you will continue calibrating up to 6 calibration points.  
8. If you receive a warning message stating that the calibration is questionable, do not continue with 
the calibration. Instead, select ‘No’ and investigate what is causing the questionable results. If you 
accept a questionable calibration, your pH readings will be erroneous. Typical causes for this error 
message include: incorrect Sensor/Port setup in the instrument, a dirty sensor or bad buffer solution. 
9. After accepting a good calibration, navigate to the GLP file and check the pH Slope and Slope % 
of ideal. A good slope should be between 55 and 100 mVs. If the slope drops below 53, the sensor 
should be reconditioned and recalibrated.  Record the pH millivolts for each calibration point on 
your calibration log. The acceptable mV outputs for each buffer are shown below.  


 
pH 4 mV value = +180 +/- 30 mV  
pH 7 mV value = 0 mV +/- 30 mV  
pH 10 mV value = -180 +/- 30 mV 


          - A value of +30 or -30 mVs in buffer 7 does not indicate a bad sensor.  
          - If the mV span outside of these values, clean the sensor and try to recalibrate.  
 


 
 
 


 







 
TROUBLESHOOTING  
Typical working life for pH sensors is approximately 12-24 months depending on usage, storage 
and maintenance. Proper storage and maintenance generally extends the sensor’s working life.  
 
Clean and recondition the sensor if a slow response in the field has been reported or if it takes more 
than 90 seconds to stabilize in pH buffer.  
If you get an error message during a pH calibration, check the following:  
1.   Ensure the pH buffers are good and not expired  
2.   Ensure that the pH sensor is installed in port 1 of the bulkhead and the correct ISE is enabled in 


the Sensor Setup menu.  
3.   If you continue to get error messages during calibration, clean and recondition the sensor. 
4.  Replace the sensor and re-install.  


Cleaning and Reconditioning the pH, ORP or pH/ORP Sensor  
If the pH sensor has been allowed to dry out or has been stored in distilled or deionized water for an 
extended period of time, soak the sensor in buffer 4 overnight to try and restore functionality.  
 


Refer to the Pro Plus user manual for detailed instructions. 
 


 


Data Sheets (attached) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


 







 
 


 







    
YSI pH 20 Meter Cable Calibration Log 


 YSI Model # _______________ 
        YSI 20M Cable Serial #  _______________ 


       pH Probe Serial # _______________ 
       


             


Date 
Cal. 


Standard         
Air Sat./ 
Known 


pH 4 Buffer pH 7 Buffer pH 10 Buffer 
 Slope 


% Initials 
Lot # Exp. 


Date 
mV   
+180       
± 30 


Lot # Exp. 
Date 


mV     
0 ± 
30 


Lot 
# 


Exp. 
Date 


mV                  
-180       
± 30 


                          
                          


                          
                          
                          
                          


                          
                          
                          
                          
                          


                          
                          
                          


                          
                          
                          
                          


                          
                          
                          


                          
                          


                          
                          
                          


                          
                          


                          
                          


Calibrate daily prior to field visit.  If calibration value not met, re-test; check for low battery; use different 
standards and repeat measurement; don't move cords.  Sensor may no longer calibrate after 6-12 months.  
Change batteries at beginning of season and as needed.  


             
 







    
YSI pH 20Meter Cable Calibration Log 


  Date      Maintenance      Description Initials 
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        


    
     







 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


      


 







 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 







 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


 
 
 


 







Standard Operating Procedure #6: 
Field Measurements and Water Sample Collection 
 
 


Introduction 


Field measurements should represent, as closely as possible, the natural condition of the surface 
water at the time of sampling. Experience with and knowledge of the sampling equipment and the 
collection, storage, and processing of water samples for subsequent laboratory analyses are 
critical for collecting data of high quality. To ensure consistent, high-quality data, always: 
 


• Make field measurements only with calibrated instruments that have been error-checked. 
• Maintain a permanent log book for each field instrument for recording calibrations and 


repairs. Review the log book before leaving for the field. This book should also be used 
for recording results of pre-and post-calibration checks as well as housing copies of 
results from alternate measurement sensitivity (AMS) checks, if applicable. 


• Test each instrument (meters and sensors) before leaving for the field. Become familiar 
with new instruments and new measurement techniques before collecting data. 


• Have backup instruments readily available and in good working condition, whenever 
possible. 


• Follow quality assurance/quality control procedures in SOP #15. Such protocols are 
mandatory for every data collection effort, and include practicing good field procedures 
and implementing quality-control checks. Make field measurements in a manner to 
minimize artifacts that can bias the result. Check field-measurement precision and 
accuracy (variability and bias). 


 
Daily Field Activities, Field Measurements and Collecting Samples 
The following is a sequence of activities during a water quality monitoring field day: 


 
1) Complete pre-departure activities checklist. 
2) Review the checklist of field gear. 
3) Drive to boat landing. Load boat with sampling gear, launch boat, and navigate to 


monitoring site. Set up on the boat for sampling. 
4) Verify correct monitoring site location with depth or GPS coordinates. 
5) Fill out a new field sheet for each monitoring site, printed on waterproof paper. 
6) Implement field methods and water samples per SOP #6: Field Measurements and 


Water Sample Collection. Collect water samples from the greatest depth last (usually 
the bottom). 


7) Be sure that all samples are correctly labeled and preserved on ice. 
8) Verify that the field form is completely filled out, and initial the form. 
9) If sampling from more than one monitoring station in a day, go back to step 4. 
10) Upon return to shore, inspect boat, trailer, and all equipment that has come into contact 


with the water for invasive species.  Follow decontamination procedures per SOP #4.  
11) Return to office or lab. 
12) Clean sampling equipment per SOP # 4: Decontamination to Remove Exotic Species.  


Rinse sensors with deionized water.  
13) Processing samples per SOP # 8: Processing Water Samples and Analytical Laboratory 


 







Requirements.  Refrigerate or freeze samples, as required.  
14) Enter data into SWIMS as soon as possible after collecting field data and receiving 


results of laboratory analyses. 
 


Monitoring Site Methods and Recording Field Information 
Upon arrival at the monitoring site(s), numerous observations and data measurements will be 
recorded, and water samples will be collected.  Record the following on the Lakes WQ Monitoring 
Field Sheet:  
 


• Lake and Site Location (such as “Deep Hole,” “South Basin DH”, etc.).   
• Landing Time: Launch and Departure 
• Depth at Location (accurately measure the depth using the hand-held depth finder) 
• Date and Sampling Site Time: Arrived/Departed  
• Field Staff  
• Secchi readings 
• Instrument and Calibration (Cal) Date  
• Barometric Pressure (mmHg) and Air Temp (C) 
• Water Sample Type: (I-tube, Grad sample, Kemmerer) 
• Kemmerer Depths (m) 
• Water Sample Times 


In addition, you will record general observations which may be useful in interpreting water quality 
information.  These include: 


 
• Water Condition (cond.): clear or murky (high amount of suspended matter) and water 


color 
• Odor detected (Y/N) such as sulfur, mustiness, sewage, chemical, or other. 
• Profile measurements at 1 meter intervals for temperature, DO, pH and 


conductivity. 
• Current weather including percent Sky cover and Wind condition. 
• Recent rainfall and wind events (within past 48 hours) that may have impacted 


water quality including: cold front, lack of precipitation, or heavy precipitation. 
• Biological activity including wildlife observations (such as fish, birds, or spawning) 


and excessive aquatic plant or algal growth. The observation of water color and 
excessive algal growth is important in explaining high chlorophyll-a values.  


• Lake activities such as inlet/outlet stream activity, shoreline mowing, new construction, 
high densities of fast moving boats or personal water craft close to shore, irrigation, etc. 


 
Measurement of Field Parameters: Depth Profile and Secchi Transparency 
Field measurements must be collected from an undisturbed area.  The YSI must be calibrated daily 
and allowed to stabilize at the field site prior to data recording. QC measures include replicate 
reading at each lake once per month; replicate temperature should be within ±1° C and Dissolved 
Oxygen and Specific Conductance values should agree within ±10%. The pH replicate should fall 
within ±0.05 pH units.  A Secchi disk is used to measure the water transparency or clarity (See 
SOP #7 for Secchi Disk Sampling). 
 
 
 
 
 







Summary of Depth Profile Method 
1. Record site information, general observations, weather, and wind conditions. 
2. Use a multi-parameter sampler or sonde to measure temperature, DO, pH and conductivity at 1 


meter (m) intervals at the deepest hole in the lake and any additional monitoring sites.  
3. Turn the equipment on and enter the proper lake, site location and date.   
4. Attach the sonde cable to a measured rope in 0.5 m increments.  
5. Lower the sonde into the water just below the surface.   
6. Wait for the DO value to stabilize.  Since DO takes the longest to stabilize this assures all 


parameters have equilibrated.   
7. Record the measurements for temperature, DO, pH and conductivity from just below the 


surface, at 1m intervals, down to 0.5 m above the bottom.   
8. Once the profile is completed, take another DO measurement at the surface and compare it to 


the initial reading to see if the probe is functioning correctly and holding calibration.  
9. If the lake is thermally stratified, note the top and bottom of the metalimnion based on the 


temperature readings (thermal discontinuity accepted as a change of ≥1° C per meter depth). 
10.  The meters and probes are delicate; take care to avoid putting the probe into contact with the 


bottom. An accurate measure of the site depth will help prevent this scenario. 
 
Equipment and Supplies 


• SOEI – Northland college Lake Water Quality Monitoring Field Data Sheet 
• Depth Finder (hand-held or boat mounted sonar) 
• Measured rope (30 m, marked in 0.5 m intervals) 
• Multi-parameter sampler or sonde including temperature, pH, DO, and Conductivity probes 


 
Water Sample Collection 
Collect surface water sample(s) with an integrated sampling tube for 0-2 m samples and a 
Kemmerer for metalimnion and near-bottom samples. On the field data sheet, record information 
related to the sample collection.   
 
Always keep the following in mind: 


• Sample containers should be labeled in advance with permanent marker.  Layout on bottle:  
 
Client Sample ID      Depth of sample            Analyte 
Sampler Initials  Date    Time of Sample 


•  
• To ensure the integrity of the sample, be aware of possible sources of contamination.  
• Use appropriate procedures and quality-assurance measures that ensure sample 


representativeness and integrity and that meet study criteria.  
 


Sample Bottles         
Surface    Metalimnion   Hypolimnion    
Chlorophyll a (1000 mL)  Total P (250 mL square) Total P (250 mL square) 
Total Nitrogen (500 mL square) SRP (250 mL round)  SRP (250 mL round)  
Total Phosphorus (250 mL square) 
SRP (250 mL round)  
 
 
 
 







 
 
 
 
Sample Lakes     Lake Site ID Code  Samples Required   
Big Lake Deep Hole   BIGDH   Sur, Hypo    
Mamie Lake    MLDH    Sur, Hypo    
West Bay    WBLDH   Sur, Hypo   
Namakagon Lake Deep Hole  NAMDH    Sur, Hypo    
Garden Lake    GDL    Sur, Hypo    
Jackson Lake    JKL    Sur, Hypo    
Lake Owen North Basin (Site D) LONBD   Sur, Meta, Hypo   
Lake Owen South Basin (Site B) LOSBB   Sur, Meta, Hypo   
Nebagamon Big Bay   NEBBDH   Sur, Meta, Hypo  
Nebagamon South Basin  NESB    Sur, Meta, Hypo   


 
 
Summary of Method 
Collect Field Blanks for Lab, Carboy, and Kemmerer first followed by lake samples. 
1. Rinse Total Phosphorus BLANK sample bottle with DI water three times and fill 


with DI water.  Fill LABFB sample.  Place on ice in cooler.   
2. Rinse Carboy three times with DI water.  Place DI water in carboy and fill CARFB 


bottle.  Place on ice in cooler.   
3. Rinse Kemmerer three times with DI water.  Place DI water in the Kemmerer and fill 


KEMFB bottle.  Place on ice in cooler.   
4. Rinse all surface water bottles and caps three times by removing cap, filling bottle 


with approximately 50mL of surface water, capping it and shaking the bottle.   
5. Pour water off down wind.   
6. Rinse the 10L Nalgene carboy accordingly.   


7. Collect surface water samples using an integrated sampler. The device is a PVC tube 
6.6 feet (2 meters) long with an inside diameter of 1.24 inches fitted with a PVC cap 
on one end. This allows water collection from the upper two meters of the water 
column (within euphotic zone).  


8. Remove the cap and rinse the sampler submerging it vertically in the lake three times.  
9. With the cap off, slowly lower the sampler into the water as vertically as possible until 


the upper end is just below the surface.   
10. Cap and slowly raise the sampler.  


11. Dispense the contents of the sampler into the rinsed 10L carboy.    
12. Use the spigot on the carboy to fill the surface water sample bottles.   


13. Pour into one 1000 mL bottle chlorophyll-a, one 500 mL bottle Total Nitrogen, one 
250 mL bottle Total phosphorus, and one 250 mL bottle SRP.   


 







14. Record sample time on bottle and data sheet. 


15. Place samples on ice in cooler.  
16. Use Kemmerer to collect middle and bottom lake samples.   


17. Pull white caps of Kemmerer in opposite directions until it snaps in the open position.   
18. Make sure that the valve is closed on the bottom.   


19. Lower the Kemmerer into the metalimnion layer and then 0.5m from the bottom for 
bottom sample.   


20. Send the messenger weight down the rope line to close the kemmerer.   
21. Rinse sample bottles with middle and bottom water 3 times.   


22. Fill bottles close to the top.  
23. Record sample time on bottle and data sheet.   


24. Store samples in cooler on ice. 
25. Complete the Chain of Custody sheet for the lab. 
 


Equipment and Supplies 
• SOEI Lake WQ Monitoring Field Data Sheet  
• Depth Finder (hand-held or boat mounted sonar) 
• Measured rope (30 m, marked in 0.5 m intervals) 
• 2-meter Integrated Sampler Tube 
• HDPE bottles (250 mL, brown) – TP & SRP 
• HDPE bottle (500 mL, brown) – Total Nitrogen 
• Poly bottle (1000 mL, brown) – chlorophyll A 
• Wet ice & Cooler 


 
Water Sample Preservation, Handling, and Transport to ARELab 


General Steps for Sample Preservation and Transport back to the Lab: 
1. Ensure that all samples are labeled and all labels are completely filled in.   
2. Record all sample collection dates on sample bottles and field data sheets. 
3. For the phytoplankton sample, add 5 mL of Lugol’s solution to the 1 L phytoplankton bottle. 


Cap the bottle and invert until well mixed. The sample should resemble the color of weak 
tea. If needed, add additional Lugol’s 2-3 mL at a time. 


4. Seal all caps tightly and place in the cooler and surround and cover the samples with wet 
ice. 


5. For the nutrients sample, when you return to the lab, add acid from an ampoule to the 
water to stabilize the sample.  Dispose of ampoule properly. 


 
All data should be recorded clearly on SOEI Lake WQ Field Data Sheet. If an incorrect entry is 
made, a single line should be drawn through the incorrect entry and the correction made. All 
corrections should be initialed and dated. The completed field forms will be maintained in the 
Lake WQ Monitoring binder until the data is entered into SWIMS and SOEI database, then data 
sheets are scanned and electronically filed. Field data are reviewed regularly by personnel (see 
SOP #11: Data Entry and Management, for details). 


 







Phytoplankton Collection 
The objective is to sample a sufficient volume of water to obtain at least 300 organisms per sample 
from all but the most oligotrophic lakes.   
 
Summary of Method 
A single tow is taken of the sample site water column using a mesh (63 μm) Wisconsin net with 
sample bucket attached at the end and a single tow is taken of the sample site water column using a 
mesh (20 μm) Wisconsin net with sample bucket attached at the end..  Lower the net over the side 
of the boat in a constant upright position to within 0.5 m of the bottom.  Raise the net vertically 
back to the surface at a steady rate. Spray lake water against the outside of the net with a squirt 
bottle to release organisms inside the net into the bucket.  Transfer the sample from the bucket to a 
125 mL sample container. Narcotize the organisms with carbon dioxide and preserve each sample 
with 95% ethanol. If the sample site is less than 2 meters deep and the Secchi disk can be seen at the 
bottom, a second tow is made and the samples are combined.   
 
Sample Collection 


1. Prior to each use, carefully clean and thoroughly rinse the interior of the plankton nets and 
buckets with DI water. 


2. Carefully inspect the nets and buckets for holes or tears. 
3. Attach the collection bucket to the end of the net and secure.  
4. Attach the plankton net to a calibrated line with markings every 0.5 m  
5. Carefully lower the net over the side of the boat in a constant upright position to within 0.5 


m of the bottom.  
6. Retrieve the net by pulling back to the surface at a slow, steady rate without stopping. 
7. Once at the surface, slowly dip the net up and down in the water without submersing the net 


to rinse contents into the collection bucket. 
8. Complete the rinsing of the net contents by spraying lake water against the outside of the net 


with a squirt bottle or similar tool. Be careful not to splash or squirt lake water into the net. 
9. If additional rinsing is needed on the interior of the net, use a squirt bottle with DI water 


only to avoid introducing additional organisms. 
10. Once all organisms have been rinsed into the collection bucket, hold the collection bucket in 


a vertical position, and carefully remove the bucket from the net. 
11. Concentrate the contents of the collection bucket by swirling the collection bucket without 


spilling the contents. Excess lake water will filter out of the bucket from the screened sides. 
 
Equipment and Supplies 


• SOEI Lake Zooplankton Sample Collection Data Sheet  
• Depth Finder (hand-held or boat mounted sonar) 
• Measured rope (30 m, marked in 0.5 m intervals) 
• Plankton Net (100 μm) and collection bucket 
• Funnel 
• Squirt Bottle (1 L Nalgene) – de-ionized water and Squirt Bottle (1 L Nalgene) – lake water  
• CO2 (Alka seltzer) tablets 
• Pail (narcotization chamber) 
• HDPE bottle (125 mL, white, wide-mouth) 
• Ethanol (95%) 
• Wet ice & Cooler 


 







QA/QC (Should I call this section: Re-Sampling (do we even need to re-sample?))  
At resample site lakes, collect additional zooplankton samples following the method described 
above and detailed in SOP #    (different net design, mesh sized, and cumulative tow length). 
Results from this set of samples will be compared to previous zooplankton samples and potentially 
serves as a means to calibrate the 2012 and 2007 results.  Do we need this? 
 
Phytoplankton Sample Preservation, Handling, Transport to Lab 


1. Set the collection bucket in a pail filled half full with lake water.  Add 2 CO2 alka-
seltzer) tablets. Ensure that the organisms in the collection bucket are submerged in 
the water, but do not submerge the top of the collection bucket. Wait until 
zooplankton movement has stopped (usually about 1 min). 


2. Check the sample label on the bottle to verify which sample has been collected 
(coarse or fine mesh).  


3. Use small volumes of DI water from a squirt bottle to rinse the contents of the 
mesh net collection bucket into the 125 mL polyethylene bottle. Rinse the 
collection bucket with DI water three to four times or until the majority of 
zooplankton have been removed without allowing the bottle to fill more than half 
full (~60-70 mL of sample and rinse water combined). After the zooplankton has 
been transferred and the sample bottle is half full with sample, fill the bottle to the 
shoulder with 95% ethanol. Use a funnel if necessary. 


4. In some cases, the volume of zooplankton collected in the collection bucket may 
exceed 125 mL. Do not try to force the entire sample into a single bottle, or the 
preservative will not function properly and the sample may be lost. In such cases, 
fill the first bottle half full, and then use a second bottle to preserve the additional 
amount of sample. Use an “extra jar” label (i.e., one with no sample number 
printed on it). Complete the label with sample number, location, date, and time. 


5. Record the sample ID number and check on the form that it is preserved. 
6. Verify that all information on the labels and the form is complete and correctly recorded.   
7. Seal all caps tightly and place in the cooler and surround and cover the samples with wet ice. 


 
All data should be recorded on WQ Field Data Sheet. Use a single line through an error; initialed 
and dated. Data will be entered into SOEI database, then data sheets are scanned and filed 
electronically. Field data are reviewed regularly (see SOP #11: Data Entry and Management). 
 
Equipment and Supplies 


• SOEI Lake Zooplankton Sample Collection Data Sheet  
• Depth Finder (hand-held or boat mounted sonar) 
• Measured rope (30 m, marked in 0.5 m intervals) 
• Plankton Nets (23μm & 63 μm) and collection bucket and funnel 
• Squirt Bottle (1 L Nalgene) – de-ionized water and Squirt Bottle (1 L Nalgene) – lake water 
• CO2 (Alka seltzer) tablets 
• Pail (narcotization chamber) 
• HDPE bottle (125 mL, white, wide-mouth) 
• Ethanol (95%) 
• Wet ice & Cooler 


 







Standard Operating Procedure #7: Secchi Disk 
Sampling 


 


Secchi Disk Transparency Method  
A Secchi disk is a black and white patterned disk used to measure a lake’s clarity.   


 
1. Use a 20 cm (8 in diameter) black and white Secchi disk and do not wear sunglasses while 


conducting the measurement. 
2. Lower the disk vertically into the water from the shaded side of the boat until it disappears then 


raise it until it reappears. 
3. The mid-point between the two, measured to the nearest 0.1m, is the 1st secchi reading. 
4. Repeat the procedure and record the measurement as the 2nd reading. 
5. Then average the two readings and this is clarity reading for the monitoring site on this day. 


 
Quality Assurance (QA): At a minimum, replicate Secchi readings at every tenth site. Because of 
the apparent ease of this measurement yet its potential difficulty in less than ideal conditions, all 
field crew members should take this measurement at each site for at least the first round of 
sampling. The crew should not reveal their value until all are finished and then all values should be 
recorded and compared. Values should agree within + 10% for Secchi measurements <5 m and + 
0.5 m for greater values. 
 


Equipment 
 


• SOEI Lake WQ Monitoring Field Data Sheet 
• Secchi disk with attached rope 18m rope marked to 10 m in 0.1 and 1.0 m increments 


 
 
 
 
 
 
 


 







Standard Operating Procedure #8: Processing Water 
Samples and Analytical Laboratory Requirements 


 
Introduction 
As part of our water quality monitoring program, we will collect water samples for analysis of 
basic limnological parameters that may respond to stressors such as land use, recreational activity, 
and atmospheric deposition. Water samples will be processed at Northland’s state-certified 
Applied Research and Environmental Laboratory (ARE Lab).  This standard operating procedure 
(SOP) is designed to provide detailed instructions on the handling and processing of water 
samples prior to analysis by the ARE Lab.  
 
We will collect water in the field for the analysis of the following parameters: 


• Nutrients: total phosphorus (TP) and total nitrogen (TN) 
• Total chlorophyll-a 
• Soluble Reactive Phosphorus (SRP) 


 
Water quality variable frequency and sample depths are listed below. Surface samples are collected 
with a 2 m integrated sampler and metalimnion and bottom samples are collected using a Kemmerer 
water sampler from May-October. 
Water Quality Variable   Frequency  Depth (Strata) 
Chlorophyll a     2x/ month  Surface  
Total Nitrogen (TN)                            2x/ month   Surface 
Total Phosphorus (TP)   2x/ month  Surface, Metalimnion, Bottom  
 Soluble Reactive Phosphorus (SRP)  2x/ month   Surface, Metalimnion, Bottom   
 


 
 
Sample Handling and Processing Procedures 


The following general techniques will be observed throughout the procedures 
1. Keep all water samples cool and dark until processing is complete and samples are 


shipped to the analytical laboratory. 
 


2. Use only clean sample bottles supplied by the ARE Lab. 
 


3. Rinse filtration equipment with deionized water (DIW) three times and collect field blank at 
the first water sample collection site of every field day. 


 
4. Avoid touching the inside of sample bottles and filtering apparatus, tips of forceps, and 


filters to prevent contamination of the samples. 
 


5. Prepare QA/QC field blanks in the same manner as regular samples, using water from 
the same sample collection container. 


 
6. Ensure all sample bottles are labeled correctly, completely, and legibly and that they match 


the Chain of Custody. 
 







Summary of Analytical Methods 
The table below summarizes samples that will be analyzed by the ARE Lab including the analyte, 
volumes, preservation techniques, and holding times for water samples addressed in this protocol.  
 
Examples of analytes, volume requirement, preservation method, and holding times. 
Analyte  Volume (mL)  Preservation  Hold Time 
 
Chlorophyll a  ≤ 1 L   Freeze filter  30 day 


DOC   125   pH < 4 H2SO4   28 days 
4°C 


TP   120 mL  MgCl 4°C  30 days 
4°C /H2SO4  48 h / 30 days 
pH < 2 HNO3   6 months 


TN   120 mL  4°C /H2SO4  48 h / 30 days 
4°C   7 days 


      Filter   100 days 
Quality Assurance/Quality Control 


Quality assurance/quality control refers to activities that ensure measurements are accurate and 
precise. These methods typically involve comparing the sample to a set of known samples for 
estimating accuracy and replicating the measurement to estimate its precision. 
 
In the context of field sampling and processing, quality assurance protocols are meant to ensure 
that data collected are as representative of the lake site as possible. Such procedures include 
implementing good field procedures and quality-control checks, careful post-collection processing 
of water samples to minimize artifacts due to contamination or mislabeling, proper storage and 
preservation techniques while in transit to a laboratory, and proper QA/QC by the laboratory itself.  
 
Quality assurance at the batch level (within the laboratory) is accomplished by using proper 
techniques and collecting a field blank for Total Phosphorus on each sampling day. 
 
The most important aspects of quality control in the collection of water quality samples are: 1) 
Samples collected should represent the lake site at the time the samples are collected, and 2) the 
integrity of the samples collected is not compromised by contamination, misidentification, or 
improper sample handling or preservation. 
 
To help meet these quality control aspects, the transport and tracking of the samples from the field 
to the ARE Lab is critical. Each set of samples will include a Chain of Custody Form (COC).  
 


   
 


 







 


Standard Operating Procedure #7: Processing Water Samples and Analytical Laboratory Requirements, Version 1.1  


Attachment B. Applied Research & Environmental Laboratory chain of custody & analysis request 


Container Type (G - Glass, P - Plastic) Preservative (I - Ice, S - H2SO4, H - HCl) 


CHAIN-OF-CUSTODY RECORD AND ANALYSIS REQUEST 
Project name: CLIENT NAME 


ADDRESS 


PHONE # 


ANALYSIS TYPE REQUESTED  
TN TP 


 
NO2-N Ortho-


P NO3-N  SRP 


NH3-N 


Total 
Alkalinity 
 


Sulfate 


Chloride 


TSS 
 
 


vSS 


Chloro-a 


Temperature 
on Receipt: 


Project ID: 


SAMPLER'S SIGNATURE 
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SAMPLE LOCATION 
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Relinquished by: Date: Time: Received by laboratory: Date: Time:  


Relinquished by: Date: Time: Received by: Date: Time: 


 







 


 







 


 


Standard Operating Procedure #9: 
Shoreline and Habitat Assessment 


The Sigurd Olson Environmental Institute conducts shoreline and littoral vegetative habitat assessments to better 
understand and characterize the near-shore habitat on northern Wisconsin lakes.  Vegetation conditions and 
characteristics are observed within a defined, visual transect on parcels.  There are two types of habitat 
assessments conducted on each lake, the “Big 10” and the “All Parcel.” 


1. Big Ten - 10 Physical Habitat Stations (PHabs) are mapped evenly spaced around the lake, and 
detailed conditions of the littoral, shoreline, draw-down, and riparian habitat cover and structure 
are documented.  


2. All Parcel – on each parcel, an Upland, Shoreline, and Littoral plot is observed and each area is 
ranked as Ideal, Very Good, Marginal, or Poor through a field assessment.   


 
1. Physical Habitat “Big 10” Characterization 
The first site is selected at random, and remaining stations are EVENLY spaced from one another, do this by GIS 
or digital mapping PRIOR to the sampling visit. Should re-assessment be random or back to the same sites?   
If Phab station is inaccessible, eliminate that site depending on the size of the lake.  


 
Summary of Method 
The drawing below displays an example of the Big 10 habitat stations around the lake.    
 


• Develop 10 evenly spaced PHabs on lake and assign a station letter of A-J. 
• Load lake parcel maps on GPS with PHab Stations identified (A-J)  
• Navigate by boat, to the 10 PHab sites 
• Observe a 15 meter wide VISUAL transect that includes: 


1) Shoreline assessment 1 meter at the shore just above the present water line 
2) Littoral assessment extending 10m lake-ward from the shoreline 
3) Drawdown assessment extending inland from the water’s edge to the Ordinary High Water 


Mark (OHWM), or place on the bank or a structure where water has left a distinct mark  
4) Upland assessment extending from the OHWM inland 15 meters  


             
                       15 meter wide transect 
 
Example:  
      15m landward from OHWM  
              
              
    Extends up from water’s edge to normal OHWM    
            


              Shoreline 1m at shore just above water  
 
     


10m out from the shoreline  
 
 
 


 Where we observe 
 
 


Littoral Zone 


 
Drawdown  


Upland Zone 


 







 


 
 
Field Observations (% estimate) to record on data sheets: 


• Shoreline: Bank Angle/Surface   
• Littoral: Substrate & Macrophytes  
• Littoral: Structures, Alteration, etc 
• Upland & Drawdown (if present): Canopy, Understory & Groundcover (% cover) 


The Big 10 data sheets also ask for lake depth at the site and whether there is drawdown or shoreline 
flooding present.  Drawdown refers to exposed lakebed where the water level has temporarily dropped.  
Shoreline flooding refers to areas periodically inundated with water (seasonal).  It is likely that neither 
condition will be present.  
 
2. Physical Habitat “All Parcel” Characterization 
Every parcel on the lake is observed from a 15 meter wide VISUAL transect in the center of the parcel (same as 
for Big 10; see drawing above).  The Upland, Shoreline, and Littoral plots are ranked by number based on the 
categorical conditions listed on the All Parcel Assessment Field Habitat Description sheet.  Conditions account 
for presence/absence of canopy vegetation, shrub and groundcover coverage, human disturbance, and erosion.  
Each transect plot is ranked into a category of Ideal, Very Good, Marginal, or Poor through the field assessment.   
 


Summary of Method 
 


• Navigate to each parcels on the lake using the parcel maps that were loaded on the GPS 
• Observe a 15 meter wide VISUAL transect that includes: 


1) Littoral assessment extending 10m lake-ward from the shoreline 
2) Shoreline assessment 1 meter at the shore just above the present water line  
3) Drawdown assessment extending inland from the water’s edge to the Ordinary High Water 


Mark (OHWM), or place on the bank or a structure where water has left a distinct mark  
4) Upland assessment extending from the OHWM inland 15 meters  


 
Field Observations (assign number value) to record on data sheet: 


• Rank each Upland, Shoreline/Riparian, Aquatic/ Littoral plot by number 
• Number based on the categorical conditions All Parcel Habitat Description 
• Categorize each plot based on the number assigned to it: 


• Ideal (10-12) 
• Very Good (9-7) 
• Marginal (6-4) 
• Poor (3-1) 


 
Basic Lake Information, Site Activities & Human Disturbance  
This is completed at the end of the lake assessment.  General information is recorded (Lake Type, Surface Odor, 
Boat Density, Surface Conditions, etc).  Additional observations are assigned a number based on percent: 


• Site Activities & Human Disturbance (Residential, Recreational, Agricultural, Industrial) 
• Shoreline Characteristics (Forested, Wetlands, Developed, Agricultural, etc) 
• Aquatic Vegetation (% Floating, Emergent, and Submerged) 
• Waterbody Character (Pristine, Disturbed, etc) 


 
Field Data Collection: 


• Fill out each data sheet completely 
• Big 10 Physical Habitat Assessment (Shoreline, Littoral, Upland & Drawdown plots) 
• Big 10 Invasive Plant & Animal Assessment Form 
• All Parcel Habitat Assessment Form 


 







 


• Basic Lake Information, Site Activities & Human Disturbance (completed at end of assessment) 
 
 
Equipment 
 


• Boat & Personal Floatation Devices 
• GPS 
• Big 10 Shoreline & Littoral Habitat Assessment data sheet 
• Big 10 Upland & Drawdown Habitat Assessment data sheet 
• Big 10 Invasive Plant & Animal Assessment data sheet 
• All Parcel Habitat Assessment data sheet 
• All Parcel Habitat Assessment Field Description  sheet 
• Basic Lake Information, Site Activities & Human Disturbance data sheet 


 
 
Method 
 
It is important that you set up PHab stations beforehand in the office to minimize bias in site selection 
and to ensure efficient location of stations once at the lake. 


1) Using a lake map, select a random starting point on the lake outline. Any reasonable method 
may be used select the starting point this is your “A” station. 


2) It is important that the remaining nine stations be located at equal distances around the lake. 
These will be your “B” through “J” stations. This can be done manually (using a string to trace 
the perimeter of the lake, which can then be straightened and marked in equal intervals), or 
with GIS or other digital mapping tools, to measure the perimeter and divide by 10. 


3) Using a GIS or other digital mapping tool application to locate the coordinates of the ten 
stations that can then be entered as GPS waypoints greatly facilitates correctly locating 
PHab stations by boat in the field, especially on large lakes. 


4) Mark the physical habitat stations on a site map. 
Note: In re-samples, you will re-randomize and relocate the physical habitat sites.  This is 
done to examine variability of the entire lake assessment. 


 
Using the site maps and GPS, proceed by boat around the lake, locate, and stop at each of the 
10 PHab stations. Position the boat at a distance of 10 m, anchor if necessary, and make the 
semi-quantitative measurements on the Physical Habitat form. Complete a separate Physical 
Habitat form for each station. 
Make every reasonable attempt to record physical habitat observations and measurements for 
all 10 PHab stations.  


 
Shoreline and Station Location Adjustments 
Once in the field, you may encounter situations that require you to modify the shoreline 
and/or station location(s) from the intended locations marked on the site map. If this occurs, 
make the corrections and adjustments on the Physical Habitat form and note the reasons on 
the comments section of the form. The general guidelines for locating or modifying the 
location of the littoral and shoreline stations are summarized below. 


1. Locate station using maps, aerial photos, or GPS units. 
2. Define shore as either the current waterline OR the boundary between open water and 


the edge of dense vegetation (terrestrial, wetland, or emergent vegetation) or extensive 


 







 


very shallow water (shoreline defined by limit for navigating your boat). 
3. If the shoreline observed in the field differs from the mapped shoreline: mark “Station 


Relocated” and enter a comment on the Physical Habitat form stating the apparent 
reason (e.g., drought, flooding, dredging). 


4. If a PHab station is lost because of shoreline changes: mark “Station Relocated” at the top of the 
Physical Habitat form, and position one or more new stations at approximately equal 
intervals. 


5. If a station is eliminated, mark the “Station Dropped” box. 
6. If the shoreline observed in the field differs radically from the site map and you are 


sure you are at the correct lake, sketch a map of the lake or use one of the maps from 
your site packet. Use a string to measure the new outline, divide it into 10 equal parts, 
and lay out the 10 station locations. 


 
Islands 


Islands may be an additional source of shoreline habitat on a lake and we will account for 
them by adding island physical habitat stations. Island stations are in addition to the A-J 
stations. The guidelines for adding island stations follow: 


 If the shoreline of an island makes up 10-20% of the lake’s shoreline, add one PHab 
station (A-K) 


 If the shoreline of an island makes up more than 20% of the lake’s shoreline, add 
one more PHab station (A-L) 


 Island stations are designated by marking the “Is it an island?” bubble on the form, 
by a new station letter (K, L, etc), and by marking the island location and station 
on a site map. 


Ambiguous Shorelines 


The shoreline is defined as the interface between “lake-like” conditions and riparian or wetland 
conditions. In most cases, the shoreline will be easily identified as the current waterline. In some 
instances, however, the shoreline might not be obvious. Listed below are some general situations and 
rules that should be applied to them. 


 If there has been a significant drop in lake level due to drought, dam repair, or 
other reasons, shallow areas may be exposed that are usually covered with 
water. In this case, consider the current waterline as shoreline for the purposes 
of this survey, not the normal waterline. 


 If there are extensive very shallow areas or shoals, consider the shoreline to be the  
boundary between the shallow area and deeper open water, as defined by ease of 
access by a small sampling boat. 


 If access to the true shoreline is prevented by an area of dense aquatic or 
terrestrial vegetation, consider the shoreline to be the boundary between the 
vegetation and deeper open water. Again define the operational shoreline by 
ease of access by small sampling boat. 


 If a river or stream enters a lake, the shoreline begins where no flow is visible. 
Actual shoreline is different than appears on the map 
The goal of the physical habitat survey is to characterize the lakeshore based on observations of 
conditions at 10 evenly spaced PHab sites around the lake. Adjustments to station locations might be 


 







 


needed if the field crew runs into unusual conditions or problems. Below are some rules concerning 
modifications to the station location(s). 


 If only a small portion of the shoreline differs and it does not affect, or only 
slightly affects, a PHab site location, sketch the lake shoreline on the site map and 
reposition the station (if needed). 


 If the difference causes a contraction of the shoreline and a PHab station 
location is lost, sketch the lake shoreline on the site map and make a decision 
to (a) keep the station, relocate it on the revised shoreline map and adjust 
some or all other stations in order to keep stations evenly spaced around the 
lake (i.e., keep 10 stations), or (b) eliminate the station altogether (i.e., reduce 
the number of stations). 


 If the difference causes an expansion of the shoreline, the crew should sketch the 
lake shoreline on the site map and make a decision to (a) add one or more 
stations, mark them on the revised shoreline map and adjust some or all other 
stations if needed so they are evenly spaced around the lake (i.e., designate 
more than 10 stations), or (b) adjust the stations so that they are evenly spaced 
around the lake (i.e., keep 10 stations). 


 If the Site Map does not in any way match the lake shoreline, draw a 
new sketch map approximating the shoreline, and re-establish the 10 
PHab stations. A quick way to locate 10 evenly-spaced PHab stations is 
to: (a) lay a piece of string on the lake perimeter, (b) pick up the string, 
measure it, and mark out 10 equal parts, and (c) lay the string back on 
the perimeter and use the marks to locate the 10 sites on the map. 


PHab Station is inaccessible 
 If a PHab station is inaccessible, you must make a decision to (a) relocate the 


station and adjust some or all other stations so that they are evenly spaced around 
the lake (i.e., keep  10 stations), or (b) eliminate the station altogether (i.e., reduce 
the number of stations). The size of the lake will help drive this decision. 


 Draw all adjustments to the shoreline based on field observations directly on the 
Site Map and explain the adjustments in the comments section of the Physical 
Habitat form. 


 
Identifying Relocated and New Stations on the Form 


Use the following notations when recording station location modifications. 
 If you relocate a station, note the new location on the Site Map and check the 


appropriate original station letter (e.g., “C”) on that form. In addition, check the 
box for the station letter on the Physical Habitat form and check the box for 
“Station Relocated.” 


 If a station is lost and cannot be replaced, cross out the original station location on 
the pre- printed Site Map and check the box for “Station Dropped” on the 
Physical Habitat form. 


 If you add one or more stations, indicate the nearest station locations on the Site 
Map, and fill in the box for “New Station” on a blank Physical Habitat form. 


 
Establishing the Physical Habitat Plot 
You will establish a plot for physical habitat characterization at each PHab station. You will 
make most observations and measurements of the shoreline from the boat at the observation 


 







 


point 10 m from shore (estimated by eye). Limit observations at each station to the area that 
is within the defined plot dimensions. After setting plot dimensions, you may need to move 
around within the littoral plot to see or probe the bottom or even go onto shore to make 
observations. 


 
Physical Habitat Plot Dimensions 
You will identify up to four distinct zones within each physical habitat plot where you 
estimate the zone dimensions by eye. 


Littoral 
This within lake zone is a fixed size that is 15m wide along the shoreline and 10m out into 
the lake. 


Shoreline 
The shoreline zone is a fixed 15m wide strip along the shore just above the present water line 
and 1 m inland. The shoreline boundary is defined as the approximate interface between 
"lake-like" conditions and riparian or wetland conditions. In cases where the lake shoreline is 
not obvious (e.g., where there is evidence of large seasonal change in lake level) define the 
shoreline as the current waterline. In cases where the lake shoreline is not visible, define the 
lake shoreline as the approximate boundary between open water and swamp or marsh 
conditions into which your boat could not easily move. 


Drawdown 
When present, the drawdown zone plot has a fixed width (15 m) but a variable extent inland   
determined by your judgment and measurement of the horizontal drawdown distance from the 
shore to the normal high water mark at the station. 


Riparian 
The riparian zone is a fixed size that runs 15m parallel to the shoreline and extends 15m from the 
normal high-water mark inland. 
 
General Observations 


Note: At the PHab station J, collect samples from the water column (Sections 6.3 and 
6.4) before conducting the habitat characterization at that station. 
Begin the physical habitat characterization with general observations. 


1. Set up your plot within your physical habitat station 
2. Measure and record the lake depth 10 m from the shore at each PHab station 


(observation point). Note the new location on the Physical Habitat form if the point 
has to be relocated for some reason. 


3. Note on the Physical Habitat form whether there is shoreline flooding. If so, estimate 
the depth and the horizontal distance of flooding. A lake at normal high-water level at 
the time of sampling will have these sections left blank for height and distance. 


4. Note on the Physical Habitat form whether there is drawdown. If so, estimate and 
record the vertical (height) and the horizontal (distance) distances between the 
present lake level and the normal high water line. Your measurement or estimate of 
horizontal drawdown distance will set the inland extent of the drawdown portion of 
the PHab field plot. The vertical height can be measured using the clinometer as a 
level in combination with the survey pole, or by visual estimation.  Similarly, the 


 







 


horizontal distance up the bank between current lake level and the evidence of the 
normal high water level is usually done using a laser range finder. A lake at normal 
high-water level at the time of sampling will be left blank for both drawdown height 
and horizontal distance. 


5. Also record the bank angle description that best reflects the current shoreline that is 
dominant within your field of vision in the 1 meter shoreline zone: 


a. Near vertical/undercut (>75 degrees), 
b. steep (>30 to 75 degrees; need hands to climb up) 
c. gradual, (5 to 30 degrees; can walk up) 
d. flat (< 5 degrees) 


NOTE: This will be completed even if there is no drawdown. 
6. Record the presence or absence of water surface scums, algal mats, or oil slicks 


within the littoral zone. 
 
Estimate Substrate Characteristics 
You will use semi-quantitaitve categories to estimate cover for substrate types (e.g. bedrock, boulders, 
cobble, gravel, sand, silt/clay/muck, woody debris, organic matter, and vegetation) and also for fish 
habitat cover, aquatic macrophytes, and terrestrial vegetation. The categories are as follows: 


 0 = absent (0% cover) 
 1 = sparse (<10% cover) 
 2 = moderate (10 – 40% cover) 


 3 = heavy (40 – 75% cover) 
 4 = very heavy (>75% cover) 


When estimating cover mixtures of more than one class might all be given sparse (1), 
moderate (2), or heavy (3) ratings. One dominant class with no clear subdominant class 
might be ranked very heavy (4) with all the remaining classes either sparse (1) or absent 
(0). Two dominant classes with more than 40 percent cover can both be given a 3. 


7. Estimate the areal cover of bottom substrate types and particle size classes observed 
within the littoral and the shoreline zones. Cover categories range from absent to very 
heavy. Record all observations by filling in the appropriate bubbles on the Physical 
Habitat form. In most cases these estimates can be made from the boat or can be 
made while wading if preferred. 
 If the bottom substrate is not visible, you should probe the bottom beneath the boat 


with the sounding rod (you may have to move closer to shore if you are too deep 
to use the rod). Soft sediment can be brought to the surface for examination. Hard 
sediments can be "felt" with the sounding rod. Sandy substrate can be "felt" or 
"heard" by twisting the sounding rod and detecting grittiness. Estimating cover of 
various substrate types will typically require multiple probes within the littoral 
plot. If you have to move into shallow water to use the sounding rod to observe 
sediment characteristics, flag the observation and record the depth where you 
observed the sediment. 


 If the bottom is covered with materials other than mineral substrates, choose 
“Woody Debris”, “Organic (leaf pack, detritus)”, or “Vegetation/Other”. 


8. Record sediment color within the littoral zone. Select "None” or “Other" if the 


 







 


sediment does not match one of the color categories options on the Physical 
Habitat form. 


9. Record sediment odor within the littoral zone. For sediment odor, the choices are 
"H2S" (sulfurous, rotten egg), "Anoxic" (sewage odor), "Chemical" (strong odor like 
turpentine, paint, etc.), "Oil", or “Other" (including musty, organic, and fishy odors). 
If "Other" is indicated, explain the observation in the comment section of the form. 


 
Estimate Aquatic Macrophyte Cover 


10. Note and record whether macrophytes extend lake-ward from the observation point. 
11. Estimate the areal cover of submerged, emergent (has erect portions above the water 


surface), floating (either rooted or non-rooted vegetation), and total macrophytes 
within the littoral  zone. Cover categories range from absent to very heavy, as 
described in 6.1.6. As for substrate, estimating aquatic macrophyte cover may require 
multiple probes within the littoral plot. Record all observations by filling in the 
appropriate bubbles on the Physical Habitat form. These estimates can be made from 
the boat or while wading. 
 If you cannot see or probe the bottom, move closer to shore and note your new 


location with a flag. 
 
Estimate Fish Habitat Cover 


Estimate the areal cover of potential fish habitat observed within the littoral and, when present, 
drawdown zone(s). These features are within or partially within the water and conceal fish from aquatic 
and terrestrial predators such as large fish, otters, kingfishers, and osprey. Cover categories range from 
absent to very heavy, as described in 6.1.6. Record all observations by filling in the appropriate bubbles 
on the Physical Habitat form. In most cases these estimates can be made from the boat. Estimating fish 
habitat cover may require multiple probes within the littoral plot. 


12. Estimate and record cover for the following fish habitat types: 
 Aquatic and Inundated Herbaceous Vegetation: Submerged, floating, or 


emergent live aquatic or non-woody herbaceous plants 
 Woody Debris/Snags:  Inundated or partially inundated dead trees, branches, or 


rootwads with diameter >0.3 m (1 ft) 
 Woody brush/woody debris:  Inundated dead or living woody vegetation <0.3 m 


diameter. 
 Inundated Live Trees: Inundated portions of trees >0.3 m in diameter 
 Overhanging Vegetation:  <1 m from the water surface (do not include higher 


overhanging vegetation, which might provide perches for birds such as 
kingfishers) 


 Ledges or Sharp Dropoffs: Overhanging banks, submerged rock shelves, and 
steep sloping rock walls 


 Boulders: Larger than basketball size 
 Human Structures: Docks, barges, houseboats, swimming platforms, tires, car 


bodies, and habitat enhancement structures (e.g., log rafts) 
Note: In the drawdown zone you will estimate the potential fish cover (e.g., what cover would there be 
if the drawdown zone were inundated – i.e., part of the littoral zone). The potential fish cover estimates 
are made only if there is a visible drawdown zone. For the observations, the question is “What cover 


 







 


would there be if the drawdown zone were inundated – i.e., part of the littoral zone. “ Then, for 
example, a bunch of dried aquatic macrophtes would be “Aquatic and Inundated Herbaceous Veg.” – 
So would newly-grown terrestrial grasses. Cyprus trees left “high and dry” would qualify as 
“Inundated Live Trees >0.3m dia.” Overhanging vegetation rooted above the drawdown zone could be 
“Overhanging Veg. within 1m of the Surface”. 
 
Estimate the Cover and Type of Riparian and Drawdown Zone Vegetation 
You will estimate the areal cover of different types of vegetation in the riparian and, when present, 
drawdown zone(s). Vegetation cover is divided into three layers, which are described below. Note that 
individual plants can contribute cover to more than one layer. Similarly note that some things other than 
vegetation are possible entries for the "Ground Cover" layer (e.g., water or barren ground). 
 
Canopy Vegetation (greater than 5 m high) 


13. Record the type of vegetation in the canopy as deciduous, coniferous, broadleaf 
evergreen, or mixed, where mixed is defined as a segment where at least 10% of the 
areal coverage is made up of the alternate vegetation type. 


14. Estimate the areal cover of big (trunk >0.3 m diameter at breast height) and small 
(trunk <0.3 m diameter at breast height) trees. Cover categories range from absent to 
very heavy, as described in 6.1.6. Record all observations by filling in the appropriate 
bubbles on the Physical Habitat form. 


Understory Vegetation (5m to 0.5m high) 
15. Record the type of vegetation in the understory as deciduous, coniferous, broadleaf 


evergreen, or mixed, where mixed is defined as above. 
16. Estimate the areal cover of woody vegetation and tall herb grasses, and forbs. Cover 


categories range from absent to very heavy, as described in 6.1.6. Record all 
observations by filling in the appropriate bubbles on the Physical Habitat form. 


 
Ground Cover (lower than 0.5m high) 


17. Estimate the areal cover of woody vegetation; tall herbs, grasses, and forbs; standing 
water or inundated vegetation; and barren, bare dirt, or buildings. Cover categories 
range from absent to very heavy, as described in 6.1.6. Record all observations by 
filling in the appropriate bubbles on the Physical Habitat form. 


 
Considerations for Drawdown conditions 
Drawdown Zone vegetation entries are located to the right of Riparian Zone Vegetation on the 
Physical Habitat form. They are filled out only if there is a drawdown zone. Unlike the case 
with potential fish cover, record these vegetation estimates just as you see them --- i.e., Do 
not in this case imagine that the drawdown zone is under water. For Example: There must be 
water on the ground (e.g., puddles) to have an entry for “standing water or Inundated 
vegetation” in the drawdown zone. Trees and other vegetation are simply that --- they are not 
entered as “standing water or inundated vegetation. Newly- grown grasses <0.5m high are 
entered under “Herbs, Grasses, & Forbes”  Newly-grown brush is entered according to its 
size class and whether it is woody or not. Large trees rooted above the drawdown zone can 
contribute cover over the drawdown zone. Dried aquatic macrophyte vegetation cover is 
entered under “Herbs, Grasses, & Forbes” with comment that it is dried aquatic macrophytes. 


 







 


There may be a lot of zeros for vegetation in the drawdown zone. 
 
Record Evidence of Human influence 
You will record any observations of human influences within the riparian and drawdown zones 
within the physical habitat plot. When a drawdown zone is present, human influences within 
the littoral plot are recorded in the drawdown portion of the Physical Habitat form. When there 
is no drawdown zone, littoral entries are included in the riparian zone portion of the form. 
Within each zone, observations are recorded as not present (0), present outside and/ or 
adjacent to (P), or present within (C) the area. Record all observations by filling in the 
appropriate bubbles on the Physical Habitat form. 


 In the littoral zone, “adjacent” is defined as found within a hypothetical plot of 
equal size to the right or left of the sampling plot. This plot will be 10m deep by 
15m wide. 


 In the drawdown zone, when present, “adjacent” is defined as found within a 
hypothetical plot of equal size to the right or left of the drawdown plot. This plot 
will be variable in depth, depending on the size of the drawdown zone, but will 
always be 15m wide. 


 In the riparian zone, “adjacent” is defined as found within a hypothetical plot of 
equal size  to the right, left, or behind of the sampling plot. The area defined as 
adjacent to the riparian plot will each be 15m deep by 15m wide. 


 
 
Do not mark "P" if it is already marked “C” in that zone (only mark the more influential).  Human 
Disturbances absent (0) and within-plot (C) are straightforward. For Present but outside or adjacent to 
the plots (P), use these guidelines: 


a) A disturbance is marked "P" if the disturbance is seen entirely outside of any 
of the plot zones, but is adjacent to (i.e., abutting left or right hand side of the 
entire Littoral- Drawdown-Riparian plot and is within 15m on either side). 


b) A disturbance is marked "P" if the disturbance is seen entirely outside of any 
of the plot zones, but is visible looking on-shore through the three plot zones 
(Littoral, Drawdown, and Riparian) 


c) So, a single disturbance might be marked "P" in both the Riparian-
Littoral and the Drawdown zones. 


d) If there is a drawdown plot, the presence of a human influence item 
WITHIN THE LITTORAL PLOT is recorded as “C” in the 
DRAWDOWN portion of the form. 


e) If there is NO DRAWDOWN PLOT (ie., the riparian plot abuts on the water, 
then human disturbances in the littoral plot are recorded by entering “C” in 
the Riparian portion of the form). 


Note: Typically only Docks/Boats, Landfill/Trash, and maybe Buildings (boathouses) will be 
commonly observed within the drawdown plot and its adjacent littoral area. For example, if a boat is 
laying aground in the Drawdown Zone, mark it "C" in the Drawdown Zone.  A boat anchored offshore 
in the littoral zone is also marked “C” for the drawdown plot, because the littoral zone in this case 
abuts the drawdown zone. Record if any invasive plant or invertebrate species observed within the 
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INDIVIDUAL HABITAT ASSESSMENT FIELD DESCRIPTION 
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Habitat 
Parameter 


Condition Category 
Ideal Very Good Marginal Poor 


Upland 
(OHWM 
inland 15m): 
tree canopy, 
shrubs, and 
groundcover 
species 


90%+ upland area with 
dense native canopy 
trees, shrubs & ground 
species; or other natural 
features (rock outcrop) 
prevents vegetation.  
Less than 5% of lot is 
*impervious surface, 
minimal shoreland 
maintenance, no invasive 
species.  Upland runoff/ 
erosion is not present. 


Moderate to dense (70-
90%) ground vegetation 
and canopy trees w/ 
shrub layer reduced; or 
few canopy trees with 
moderate to dense 
natural shrub layer, 5%-
15% *impervious 
surfaces, less than 30% 
shoreland manicured, 
few or no invasives.  
Minimal or no 
runoff/erosion. 


Established lawn with 
moderate-dense (30-
70%) canopy trees; 
shrub layer absent; 
15%-20% *impervious 
surface; 30%-50% or 
more of shoreland 
manicured/ 
maintained, invasive 
species present.  
Upland runoff/ erosion 
present - moderate. 


Native tree canopy, shrubs 
and groundcover vegetation 
0-30%; established lawn 
with few canopy trees, 20%-
30% *impervious surface, 
more than 50% of shoreland 
manicured, invasive species 
present.  Upland erosion 
moderate to substantial. 
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Shoreline/ 
riparain 
buffer 
(water's 
edge inland 
1m): tree, 
shrub and 
groundcovers 
along the 
shore where 
land & water 
meet 


Littoral woody logs/snags 
5+ per 30 m; overhanging 
vegetation; shore 
vegetated >90% w/ 
native groundcovers, 
shrubs and trees; no bare 
soil; little potential for 
future problems; or 
natural feature prevents 
vegetation; buffer 
extends 30'+ back from 
shore; human 
disturbance/shore 
alteration/access (tree 
removal, brushing, 
mowing, armored 
banks/riprap) <10m or 
not present. 


Some littoral woody 
habitat; well-suited for 
organisms; overhanging 
vegetation; riparian 
buffer 10m deep 
covered 70-90% w/ 
native vegetation, but 
one class of plants not 
well established; 
disruption evident but 
not affecting potential; 
minimal bare soil (5-
20%); minimal 
vegetation removed 
from 30'-75' feet inland; 
shore 
alteration/disturbance 
minimal 10-20m. 


Littoral woody habitat 
minimal or absent; 
riparian buffer 5-10m 
deep covered 50-70% 
vegetation but 
minimal or no shrub 
layer and tree canopy 
or buffer depth only 5-
10m; disruption 
obvious; bare 
soil/closely cut 
vegetation; no 
extended buffer > than 
30' inland; moderate 
bare soil (30-60% of 
bank); moderate shore 
alteration (tree 
removal, mowing, 
lawn, riprap).  


Littoral woody habitat 
absent; riparian buffer with 
minimal or no shrub layer 
and tree canopy (<50% 
vegetation) or less than 5 m 
deep; no extended buffer 
30' -75' feet inland; unstable 
shore 60-100% of bank/ 
exposed soil; moderate 
human disturbance and /or 
shore alteration (tree 
removal, mowing, 
established lawn, armored 
banks/ riprap).  
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Aquatic/ 
littoral 
(shore-10m): 
abundance of 
emergent, 
submerged, 
and floating 
vegetation 


Dense or abundant 
emergent, submerged or 
floating vegetation or 
rocky substrate unable to 
support vegetation; 
abundant fish habitat; 
minimal or no human 
disturbance including 
recreational use. 


Scattered or patchy 
emergent, submerged 
or floating vegetation; 
minimal human 
disturbance including 
recreational use. 


Lack of emergent or 
floating veg.; minimal 
submerged veg.; 
vegetation limited by 
rec. use (swimming, 
boating, etc); 
disturbed lakebed; 
invasives present or 
likely. 


Minimal or no native aquatic 
vegetation present; 
invasives present or likely; 
lakebed altered (boat 
landing); several structures 
(dock/pier/PWC lifts) 
prevent aquatic plant 
growth, heavily used 
swimming area. 
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Standard Operating Procedure #10: Plant 


 







 


Identification Survey 
 
Baseline Monitoring of Aquatic Plants in Wisconsin 
SURVEY OVERVIEW 


 
Sampling Sites 


 


This method employs a point-
intercept design in which a grid of 
sampling sites is distributed evenly 
over the entire lake surface (Figure 
1). Lake organizations or 
individuals can request an electronic 
file of survey sites by contacting the 
WDNR Lake Coordinator from their 
region (see Appendix 1) with the 
lake name and county, as well as the 
town, range and section (TRS) or 
water body identification code 
(WBIC). Please make requests well 
in advance of planned field work to 
allow WDNR staff sufficient time 
for map creation (recommend at 
least 1 month). 
 
 
 
 
WDNR staff will determine the number of s ites and grid resolution based on the estimated size of the 
littoral zone (the area in which plants grow) and shape of the lake.  Grids will be scaled to produce a 
greater 


 
number of sites on lakes that are larger and have more complex shorelines. Lakes with a 
narrow littoral zone may be assigned a comparatively high number of sampling sites to 
achieve sufficient survey coverage. Once created, the sampling map (Figure 1) and an 
associated GPS text file containing the latitude and longitude information associated with 
each sample site will be provided electronically by the WDNR. 


 
Timing of Sampling 


 
Surveys should be conducted between early July and mid August. Although certain plant 
community parameters (such as rake fullness and biomass) can change over the course of 
the 


 
4 Aquatic Plant Treatment Evaluation. http://www.uwsp.edu/cnr/uwexlakes/ecology/APM/Appendix-D.pdf 


Figure 1: The point-intercept grid for Kathan Lake, Oneida 
County, WI, with 203 sampling sites. 
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growing season, presence/absence data is less sensitive to seasonal variation2; presence can 
often be detected throughout the season. For many species, including Eurasian water 
milfoil (EWM), plant biomass and density may increase as the season progresses, whereas 
some species like curly-leaf pondweed (CLP), senesce much earlier in the sampling 
season. Rake fullness data for these species must be interpreted carefully with the 
sampling date in mind. If early-senescing species such as CLP are targets of management 
actions, please contact the WDNR Lake Coordinator in your region to coordinate the best 
possible sampling time. 
(ADD TO SOP- Started 2/18/14 -Jordan) 
Constructing the Rake Samplers 
The rake samplers are each constructed of two rake head welded together, bar-to-bar, to 
form a double-sided rake head on a 15 foot pole. The rake head is 13.8 inches long, with 
approximately 14 tines on each side. For use in deep waters, attach a second double-sided 
rake head to a rope; this rake head should also be weighted. 
 
Navigating to Sites 
Accuracy 
The location reported by the GPS receiver has an element of error that varies under 
different conditions. Navigate at no greater than an 80-foot zoom level and aim to 
completely cover the sampling site with the arrow. At 80-foot zoom, the locator arrow 
shown on the screen represents approximately 25 feet in length. In order to sample with 
acceptable accuracy, the arrow must completely cover the sampling site on screen. 
 
Determining Maximum Depth of Plant Colonization 
When sampling, you will have to determine the maximum depth at which the plants are 
rooted. The maximum depth of colonization (MDC) can vary greatly among lakes. When 
sampling a line of sites heading from shore out to deep water, take samples until plants are 
no longer found on the rake. Continue sampling at least two sites deeper to ensure you 
sampled well over the maximum depth of colonization. If no plants are found at these sites, 
simply record the depth, sampling tool used, and dominant sediment type. Leave the rake 
fullness and species information blank. Use a depth finder and begin sampling again when 
the depth reaches that of the last (no plant) site sampled. By sampling in this way, over 
time you will begin to hone in on the maximum depth of plant colonization. 
 
After working several rows crossing the edge of the littoral zone, estimate the maximum 
depth of colonization (e.g. 20 feet) and only continue to sample deeper sites within 6 feet of 
this estimation (all sites ≤ 26 feet). As you complete more rows and gain confidence in 
your estimation, you can then begin to gradually omit sampling depths that are too deep for 
plants to grow. Once you have sampled the deep end of your estimated maximum depth of 
colonization at least three times and have not found any plants, then you can discontinue 
sampling at anything deeper, but continue to sample any sites shallower. 
 
Recording Data 
Completing the Field Sheet 
 


 







 


1. General site information 
Complete the top portion of the “Field Sheet” with the lake name, county, WBIC, date, 
names of observers, and how many hours each person worked during the survey. 
 


2. Site number 
Each site location is numbered sequentially. Each site number will have one row of 
data on the “Field Sheet” 
 


3. Depth 
Measure and record the depth to the nearest half-foot increment at each site sampled, 
regardless of whether vegetation is present. The pole mounted rake and rope sampler 
should be marked to measure the depth of water at a sample site. If you are using a 
depth finder, it is useful to know that the accuracy may decrease greatly in densely 
vegetated areas. Depth finders sometimes report the depth to the top of the vegetation 
instead of to the sediment surface. In most cases, it is best to use depth markings on a 
pole-mounted rake for shallow sites. 
 


4. Dominant sediment type 
At each sample site, record the dominant sediment type based on how the rake feels 
when in contact with the sediment surface as: mucky (M), sandy (S), or rocky (R). 
 


5. Pole vs. Rope 
Record whether the pole (P) mounted rake or the rake-on-a-rope (R) was used to take 
the sample. 
 


6. Rake fullness 
At each site, after pulling the rake from the water record the overall rake fullness rating 
that best estimates the total coverage of plants on the rake (1-few,2-moderate, 3-
abundant; see Figure 3). Also identify the different species present on the rake and 
record a separate rake fullness rating for each. Account for plant parts that dangle or 
trail from the rake tines. Include the rake fullness rating for filamentous algae, aquatic 
moss, freshwater sponges, and liverworts, but do not include these ratings when 
determining the overall rake fullness rating. While at a site, perform a brief visual scan. 
If you observe any species within 6 feet of the sample site, but not collected with the 
rake, record these species as observed visually (“V”) on the field sheet. These species 
will be included in total number of species observed. 
 


7. Species names 
Note that the field datasheet does not include any species names, except for EWM 
(Eurasian water milfoil) and CLP (Curly-leaf pondweed). The sampling crew must 
write the species names in subsequent columns the first time that species is 
encountered. Names must be re-written on successive field sheets as they are 
encountered. You may use common or Latin names, but be sure that there is no 
ambiguity in the name that will present problems during data entry. The use of standard 
abbreviations can greatly shorten this process. 
 


8. Inaccessible sites 
It may be impossible or unsafe to reach some sample sites. If you cannot access a site, 
leave the depth blank and record the appropriate comment on the field datasheet from 


 







 


the list below. Remember to also transfer these to the “Comments” column of the 
ENTRY sheet (see data entry section. 
 
a. NONNAVIGABLE (PLANTS) 


1. Sample site cannot be accessed due to thick plant growth. 
2. Aquatic plants that are visible within 6 feet of a non-navigable sample site (e.g. 


water lilies, cattails, bulrushes, etc.) should be recorded as visuals (V) on the 
datasheet. 


b. TERRESTRIAL 
1. Sample site occurs on land (including islands). 
2. Aquatic plants visible within 9 feet of a terrestrial sample site may be included 


in the general boat survey list, but should not be marked as visuals on the 
datasheet. 


3. Only species rooted in water should be recorded as present or as part of the boat 
survey. 


c. SHALLOW 
1. Sample site is in water that is too shallow to allow access. 
2. Aquatic plants that are visible within 6 feet of a shallow sample site should be 


recorded as visuals (V) on the datasheet. 
d. ROCKS 


1. Sample site is inaccessible due to the presence of rocks. 
e. DOCK 


1. Sample site is inaccessible due to the presence of a dock or pier. 
f. SWIM AREA 


1. Sample site is inaccessible due to the presence of a designated swimming area. 
g. TEMPORARY OBSTACLE 
h. NO INFORMATION 


1. No information is available about the sample site because it was not traveled to 
(inaccessible channel, accidently omitted during survey, skipped due to time 
constraints, etc.) 


i. OTHER 
1. Site was not sampled for another reason; please provide a brief description. 
 


9. Filling Out the Boat Survey Datasheet (STOPPED 2/18/14-Jordan) 
 
Time Spent Sampling 


 
Depending on the size of the lake, a survey may be completed in a few hours, or it may 
take several days. Ideally, a crew spends one-half to three minutes per sample site; 
however, this may vary depending on the following factors: 


 
• Distance between sample sites 
• Weather (i.e. wind, rain, etc.) 
• Rake fullness 
• Ease of navigation 
• Experience; less 


experienced field workers 
may take longer to identify 


 







 


unfamiliar plants. However, 
most field workers have 
found that the time spent per 
site drops dramatically with 
experience. Others have 
reported their speed 
increasing greatly with a 
few hours of training. 


 
 
PREPARING FOR FIELD WORK 


 
Field Gear 


 
Necessary equipment: 


• Appropriate watercraft and all equipment required by state law 
• Double-sided sampling rake attached to a 15-ft (4.6m) pole 
• Weighted sampling rake attached to a 40-ft (12m) rope 
• Handheld GPS receiver with WDNR sample sites loaded 
• Print-out of lake map with WDNR sample sites 
• Print-out of WDNR field datasheets on waterproof paper 
• Pencils 
• Sealable storage bags for voucher specimens 
• Waterproof voucher sample labels 
• Cooler(s) with ice for storing voucher specimens 
• Depth finder 


 







 


 
 
Helpful, but not required: 


• Trolling motor for reaching shallow sites 
• Bathymetric map 
• Plant ID references or guides to aid in plant identification 
• Hand lens to aid in plant identification 
• Digital camera for plant specimens or field pictures 
• Underwater video camera for viewing the maximum depth of plant colonization 


 
Loading Sample Site Locations onto the GPS Receiver 


 
Detailed instructions on loading sample site locations onto the GPS receiver depend greatly on the 
type of GPS receiver as well as the software used to translate site location from the text file to 
“waypoints” in the receiver. The WDNR commonly utilizes Garmin 76 model GPS receivers and the 
WDNR Garmin GPS Standalone Tool software. The WDNR Standalone Tool is only available to 
WDNR employees, and only works with Garmin GPS receivers. The Minnesota Garmin GPS Tool 
and appropriate guidance documents are available to the public and can be found online at the 
Minnesota DNR internet site5. The two programs are similar; their chief difference is that the 
Minnesota tool requires the GPS text file to be comma-delimited instead of tab-delimited. 
Procedures for other GPS models with a Wide Area Augmentation System (WAAS-capability) may 
be used; please refer to the manufacturer’s instructions for details on uploading site locations. 


 
Please note that storage capability varies by GPS model. Some GPS receivers are unable to store the 
large numbers of data sites required in some surveys. In the event that the number of sampling sites 
exceeds your receiver's storage capacity, the text file containing the survey site information can be 
split into smaller text files. You will then be able to upload successive files  of sites as needed or 
work from multiple receivers in the field. 


 
The instructions below describe how WDNR employees can use the WDNR Garmin Standalone Tool 
software to load sample site locations, or “waypoints,” onto a Garmin 76 model GPS receiver. 


 
To upload waypoints from a GPS text file to the GPS receiver, you will need: 


 
• PC/laptop with WDNR Garmin GPS Tool. Your IT administrator can help you obtain and 


install the software. 
 


• GPS text file (.txt extension). A tab-delimited text file containing the sample sites and their 
geographical information. 


 
• A Garmin 76 model GPS receiver with external data port. 


 


 


 


 


 


 


5 Available online at: 


 



http://www.dnr.state.mn.us/mis/gis/tools/arcview/extensions/DNRGarmin/DNRGarmin.html
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• PC interface cable (with USB or 9-pin serial connector). Can be purchased online at 


http://www.garmin.com 
 


Step 1: Set GPS to the “Simulating GPS” Mode 
 
Operating the receiver in “Simulating GPS” mode prevents the GPS receiver from trying to acquire a 
satellite signal indoors. 


 
1. Press and hold the red [ON/OFF] button for two seconds to turn the GPS receiver on. 


 
2. Press [PAGE] to navigate through the welcome screens until the “Acquiring Satellites” page 


is visible. 
 
 


___._ 
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3. Press the [MENU] button, select “Start Simulator”, and press [ENTER]; the screen 
heading should now read “Simulating GPS.” 


 
Step 2: Set Serial Data Format (this setting will not have to be re-set upon each use) 


 
Set the serial data format on the Garmin 76 receiver to GARMIN prior to transferring data. Failure to 
set the serial data format to GARMIN will cause a communication error. 


 
1. Press the [MENU] button twice to reach the main menu, use the rocker key to select 


“Setup”, and then press [ENTER]. 
 


2. Use the rocker key to scroll left or right until the “Interface” tab is highlighted. Use the rocker 
key to scroll down to highlight the drop-down box and press [ENTER]. 


 
3. A menu will appear; select “GARMIN” and press [ENTER]. Press [QUIT] twice to exit the 


menu. 
 
Step 3: Plug in the PC Interface Cable 


 



http://www.dnr.state.mn.us/mis/gis/tools/arcview/extensions/DNRGarmin/DNRGarmin.html

http://www.garmin.com/





 


 
1. The GPS receiver should be on and in simulation mode. 


 







 


2. Plug the 9-pin serial connector cable into COM port #1 on your PC. If port #1 is in use, plug 
into the next available port and note the port number. The newest version of the WDNR 
Garmin GPS Tool (ver. 8.2.8) supports USB connectivity as an alternate to COM port 
connection. 


 
3. Plug the round end of the PC interface cable into the external data/auxiliary power port under 


the rubber panel on the back of the GPS receiver. 
 
Step 4: Load the GPS text file into the WDNR Garmin Standalone Tool 


 
 


1. Open the WDNR Garmin GPS Tool file on your computer. Select: File 


> Load > Waypoints From > Lat-Long GPS Text File. 
 
 
 
 
 
 
 
 
 
 


2. Navigate to and select the appropriate GPS text file and select OK. The waypoints will be 
visible in the Tool’s status bar. 


 
 
 
 
 
 
 
 
 
 
 


3. If necessary, you can view and edit waypoints by clicking the [Advanced] button on the 
WDNR Garmin GPS Tool. 


 
 


4. Troubleshooting COM-enabled setups 


a. Check that the correct COM port is selected in the WDNR Garmin GPS tool. 


i. GPS > Assign Port > select correct port # 


b. Check that the baud rate matches that of the GPS receiver. 


i. GPS > Assign Port >Baud Rate > 9600 


ii. A Garmin 76 receiver will transfer at 9600 bits per second 


 







 


c. Check that the serial data format is set to “GARMIN” (see Step 2). 
d. If your problem persists, please consult your GPS unit’s user’s manual. 


 
Step 5: Upload Waypoint Data from the WDNR Garmin GPS Tool to the GPS receiver 


 
1. In the menu bar, select: Waypoint > Upload 


 
 
 
 
 
 
 
 
 
 


2. A pop-up window will indicate the completion of a successful upload. Click OK. 
 
 
 
 
 
 
 
 


3. Check that the uploaded waypoints are visible on the GPS receiver: press [MENU] twice to 
get to the main menu, select “Points”, press [ENTER], select “Waypoints”, and press 
[ENTER]. 


 
4. Troubleshooting 


a. Storage capability varies by GPS model. In the event that the number of sampling sites 
exceeds your receiver's storage capacity, the text file containing the survey site 
information can be split into smaller text files. You will then be able to  upload 
successive files as needed or work from multiple receivers in the field. 
b.  For more help, please refer to the appropriate online documentation or user’s 
manuals. 


 







 


Printing Datasheets 
 
The form used for recording data can be found on the tab labeled “FIELD SHEET” in the 
Aquatic Plant Survey Data Workbook, downloadable from the University of Wisconsin 
Extension website (http://www.uwsp.edu/cnr/uwexlakes/ecology/APM/Appendix-C.xls). Print 
the field sheet (waterproof paper recommended), using the “Print Area > Set Print Area”  
function under the “File” menu to set the appropriate number of rows to print. Under Header 
(View > Header and Footer > Custom Header) record lake name, Waterbody Identification Code 
(WBIC), county and survey date. 
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Constructing the Rake Samplers 
 


The rake samplers are each constructed of two rake heads welded together, bar-to-bar, to form a 
double-sided rake head. The rake head is 13.8 inches (35 centimeters) long, with approximately 14 
tines on each side. For use in shallow waters, mount a double-sided rake head to a pole that has the 
capability to extend to 15 feet (4.6 meters). For use in deeper waters, attach a second double-sided 
rake head to a rope; this rake head should also be weighted (Figure 2). 


 


 


Pole Sampler 
 
To make the pole samplers shown in 
the photographs, we removed the 
handles from 2 standard bow rakes 
(available at most hardware stores), and 
welded the rake heads together bar-to- 
bar. We mounted the rake head to an 
8-foot (telescoping to 15.5 feet) pool 
skimmer handle purchased from a 
supply store (left, $50). For an even 
sturdier sampler we purchased an 
aluminum Co-Handle from Duraframe 
Dipnet and designed a rake pole which 
attaches and detaches into 3 sections 
(right, $200). For depth recording, 
mark the rake handle in one-foot 
increments. Electrical tape marked 
with permanent marker, then covered 
with a length of clear packing tape 
works well and holds up over time. 


 
Rope Sampler 


 
A similar rake head should be 
constructed and attached to a 40-foot- 
long rope or anchor line. In order to 
ensure a quick vertical descent to the 
lake bottom, attach a light weight (~5 
lb) to the rake head, away from the 
tines. The rope sampler pictured here 
has a short piece of steel tubing welded 
to the rake head to serve as a handle 
through which 45 feet of rope is 
attached. 


 


Figure 2:  Examples of sampling rakes used during surveys. 


 







 


Equipment Cleaning and Storage 
Clean all sample collection electronic equipment per SOP #7. Monitoring equipment should be 
cleaned and packed for storage. Keep equipment and supplies properly organized and labeled so 
they can easily be inventoried using the checklists. 
 
Data Entry and Management 
Download or enter field and laboratory data into appropriate spreadsheets and databases as soon as 
possible to minimize error, per SOP #8. Refer to the instrument manufacturer’s instruction manual 
for details on downloading data from field dataloggers. 
 
 
End of Field Season Procedures 
(Summary of SOP # 11: End-of-Field Season Procedures) 
 
When sensor probes are to be stored for extended periods of time, thoroughly clean sensors, 
remove batteries, and store the sonde according to specific instructions in SOP #11 and the 
manufacturer’s manual. Store calibration standards and electrolyte solutions in a temperature- 
controlled environment. Ensure that containers are dated upon receipt and upon opening; observe 
expiration dates. 
 
Quality Assurance/Quality Control 
 
Standardized training and data forms provide the foundation that quality assurance/quality control 
(QA/QC) standards for field collected data are met and that the data are complete, accurate, 
representative, and comparable.  This concept requires the complete integration of field and 
laboratory systems of sample collection and analysis. The QA/QC procedures that pertain to 
sample collection and processing are focused on: 1) ensuring that any given field or laboratory 
measurement accurately represents the water resource at the time the sample was collected, 2) 
ensuring that water quality data are comparable across all sampling dates, and 3) verifying that no 
contamination has been introduced to the sample at any time.  
 
Calibration logs for multi-parameter sondes will be maintained and will document the frequency 
of calibration and calibration checks. Ensure calibration standards are not used beyond expiration 
dates.  The following summarizes our QA/QC procudeures pertaining to sampling methods:   
 
 
1) Submit duplicate water samples, at the rate of approximately 10%, so that the reported data 


are precise, or the results of analyses are reproducible. 
2) Replicate multiprobe field measurements at the rate of approximately 10%. Calculate the 


relative percent difference to document precision of the multiprobe. 
3) Update and maintain instrucment calibration log for each instrucment.  Calibration schedule 


must be observed, using fresh calibration standards.  
4) Keep Lakes Water Quality Protocol binder on hand including: QA/QC checklist, SOPs, 


equipment troubleshooting, blank field forms.   
5) Maintain equipment calibration manual and Chain-of-Custody forms in the laboratory. 
6) Maintain WQ Sampling Site binder containing GPS coordinates for verification of sampling 


location(s), map of lake with sample site(s) marked, new Lake WQ Monitoring field forms, 
copies of previous field forms to compare field measurements to. 


7) Keep copies of field data forms until all sheets have been scanned.  Scan original Lake WQ 
Monitoring field forms and maintain electronically indefinately.  Save on K: drive in 


 







 


Ecological Solutions Data folder. 
8) Require consistent measurement methods and detection limits 
9) Sample preservation and minimum holding time- maintain water samples according to preservation 


and minimum holding time.   
10) A chain-of-custody includes not only the form, but all references to the sample, including 


information that allows tracing the sample back to its collection and documents the 
possession of the samples from the time they were collected until the sample analytical 
results are received. 


11) Laboratory methods – require consistent analytical methods and detection limits.   
 


Data Handling, Analysis, and Reporting 
 
Water quality monitoring profile data will be entered weekly into the WI DNR SWIMS website.  
All field data including profile data sheets, habitat assessments and PI aquatic plant surveys will 
either be entered electronically or the data sheets themselves will be scanned and filed 
electronically in the Ecological Solutions files. 


 
 
Data Entry, Verification, and Editing 
 
Detailed instructions for the data entry procedures for this protocol are given in SOP #8, Data 
Entry and Management. As described above (section 3, Field Methods), three general classes of 
water quality data are collected. The first is field observations and profile measurements that are 
recorded on data sheets in the field. These field sheets will be entered into a digital form in 
SWIMS. The second class of data is the results of testing performed by contract analytical 
laboratories. An import routine will be created in GLKN’s version of SWIMS to bring in 
laboratory results and to run QA/QC checks. The last class of water quality data is digital data 
that have been collected by multiprobe sondes and other field data loggers. Import routines in 
GLKN’s version of SWIMS will also be developed for these digital files. 


 
Data verification starts with the QA/QC steps that are outlined in the SOPs associated with this 
protocol. If data being entered into SWIMS do not pass a QA/QC test, SWIMS prompts the user 
to make corrections and re-enter the data. Data that are outside the expected rate of change for a 
parameter based on previous records for that parameter will be flagged for further review by an 
expert. 


 
Quality assurance/quality control checks are performed as data are entered into. The Network’s 
water quality data records are regarded as being in provisional status until they are returned to 
GLKN from WRD, or are accepted by WRD without changes after the final QA/QC steps. Only 
qualified users who have been trained and given edit permissions are allowed to edit data in 
SWIMS. These procedures protect the integrity of the data and allow the history of each data 
record to be traced. 


 
Data Archival Procedures 
 
Data archiving serves two primary functions: it provides a source to retrieve a copy of any 
dataset when the primary dataset is lost or destroyed, and it provides a data record that is an 
essential part of the QA/QC process. The unedited files are the original data for digital data. The 
archival of the printed data forms for this protocol is described in SOP #8. 


 







 


Standard Operating Procedure #11: 
Data Entry and Management 


 
Introduction 


Water quality data collected must be entered, quality-checked, documented, managed, and made 
available to others for a variety of purposes, such as management decision-making, research, and 
education.  


 
 


 
Database 


Water quality data are managed with the desktop database application ________ 
 


*** Check into STORET (an interagency water quality database developed and supported by the 
Environmental Protection Agency (EPA) to house local, state, and federal water quality data 
collected in support of managing the nation’s water resources). 


 
 
Data Management Procedures 


Data Collection 
 


Data values are measured, observed, or estimated according the Sigurd Olson Environmental 
Institute water quality monitoring protocol at various monitoring locations (sample sites) and 
recorded on field forms (see SOP #6, Field Measurements and Water Sample Collection). 
Interns are responsible for legible, accurate entries on field forms and in log books, including 
the calibration log. As a first step to verify data, they will check and double-check the recorded 
values on the day of data collection. 


 
Data collected with a multiparameter sonde are stored directly on a datalogger attached to the 
sonde and recorded on the field sheets at the time of sampling. The hard copy of the data serves 
as a back-up should something happen to the electronic data. 


 
Digital images of sample sites are acquired during site establishment and periodically as sites 
change (SOP #6). Interns are responsible for proper settings and use of digital camera 
equipment and should refer to the user manual for details specific to the camera. 


 
GPS coordinates are stored as waypoints if using a recreational GPS unit, or as features if using a 
mapping-grade unit with a data dictionary, and recorded on the field sheets. When possible, the 
GPS data will be differentially corrected to improve the accuracy of location coordinates. See 
SOP #3 for more information on using a GPS unit. 


 
Water samples are collected, labeled, and packaged for laboratory analysis according to SOPs #6 
and #7. Identification numbers on sample containers, chain of custody forms, laboratory reports, 
and on the field data collection form facilitate management of laboratory results. 


 







 


 
Data Entry, Verification, and Documentation 
 
 


On a regular schedule approved by the Lake Coordinator, interns gather the field data collection 
forms and verify the completeness, accuracy, and legibility of each form. Following each round 
of sampling, interns scan each field form and ensure the scanned fil;es are saved on the K:/ in 
the Lake Program files and the original is archived in the Lake Coordinator’s office.  Printed 
copies will be made as needed.  


 
Electronic data from the multiparameter sonde are downloaded from the datalogger to a 
computer in an MS Excel spreadsheet or text file at the end of each sampling day or as soon as 
feasible after sampling, and verified for accuracy. Likewise, at the end of each sampling day or 
as soon as feasible after sampling, all digital images will be downloaded to a computer and 
labeled with date, location, and subject matter. Both of these types of electronic data will then be 
imported into the database. 


 
 
 


Import data from the MS Excel spreadsheet into database following the guidelines. Any notes 
taken in the field regarding collection of data with the sonde are transcribed in a field for 
comments and notes in a database. 


 
Results of laboratory analyses are filed on the K:/ drive under the Analysis and Research Lab 
files.  Laboratory results must be entered into the database as soon as possible following 
receipt of the results. The Lake Coordinator will verify data and follow-up with the laboratory 
if any discrepancies are noted or any questionable results are reported (see SOP #12 on 
QA/QC for more details). Interns will import the verified data into database. 
 
On a regular schedule interns will enter the verified field data from both hard copy and data 
logger into database. When all data are entered at the end of the season, the Lake Coordinator 
will perform or coordinate a random check of 3% of electronically transferred and 20% of the 
manually-entered data that season and resolve errors according to established procedures. See 
SOP #12 for additional QA/QC details. 


Data verification starts with the QA/QC steps that are detailed in SOP #12. As data are entered 
into the database, either by keyboard or using an import routine, a suite of QA/QC procedures 
exist that compare the entered data with expected formats and accepted data value ranges.  


 
 
Data Validation 
 


Prior to distributing the data for any type of use, the Lake Coordinator validates the database 
content in the master water quality data file according to procedures in the Quality Control and 
Quality Assurance SOP. The integrity of each master data file must be preserved during the 
validation process in cases where the person performing data validation does not have direct 
access to the master water quality data file. 
Validation is performed at least once each year after data collection and entry are complete, 
usually by the end of each calendar year.  


 
 


 







 


Data Analysis and Reporting 
 


Project staff will follow the procedures for data analysis in SOP #9 and data reporting in SOP 
#10. Data summary statistics will typically include, but not be limited to: 


 
• Mean 
• Median 
• Standard deviation 
• Minimum 
• Maximum 
• Count 
• Percentiles (10, 25, 75, and 90th percentiles) 
• Variance 
• Range 
• Sum 


 
Data Folder and File Organization 
 


All data from this water quality protocol should be stored, at the earliest possibility, on the K: 
drive. A diagram showing the folder structure is shown in Figure 2. 


 
Files should be named __________________.  For example, 
‘SOEI_LONB_Field_Data_20130605.doc’ contains field data from Lake Owen North Basin on 
June 5, 2013. Do not use spaces in file names. 


 
Data Archival and Distribution Procedures 
 


Data archiving serves two primary functions: it provides a source to retrieve a copy of any data 
set when the primary dataset is lost or destroyed, and it provides a data record that is an essential 
part of the QA/QC process. Original data will be archived at the Network office. Original data 
for printed forms are either the physical datasheets or exact and complete digital copies of the 
forms that capture all entries and notations. The unedited files are the original data for digital 
data. 


 
All digital data have a duplicate file created at the earliest opportunity. At least two complete 
copies of any water quality dataset are required by WRD, including digital replicas (scanned 
versions), if they are created, of hard copy data sheets. Digital field data that are entered directly 
into a field computer or collected from a data logger must be backed up to a second medium at 
the earliest possibility. The data files on field computers and loggers must not be erased until the 
integrity of these data files are verified on the duplicate storage medium. The removal of original 


 







 


 
 


data files from a field computer or logger must be a balance of keeping memory available for 
new data collection and a need to keep data in their most original form for as long as possible. 
Field files should only be deleted when memory space is needed for new data collection. 


 
 
 


 
 


Figure 2. structure for information related to the protocol for monitoring water quality of inland lakes. 
The Images, Lab_Data, and Maps folders also have subfolders for each park. Data are organized in 
subfolders by year within each park folder. 
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Standard Operating Procedure #12: Data Analysis 
 


Introduction 


Data analysis is the process by which measurements of the environment are interpreted 
meaningfully. It begins with evaluations of data after the data have been collected and entered 
into an electronic file or database, and have undergone a check of the data entry to ensure 
quality. Data analysis includes quality assurance/quality control (QA/QC) checks for statistical 
outliers prior to data summarization, may include exploratory data analysis, and concludes with 
analyses that lead to summary and interpretations of the data. 


 
Well-conceived and -developed monitoring strategies have clear connections between questions 
of interest, appropriate sampling designs, and resulting analytical approaches (Noon 2003). 
Accordingly, the utility and robustness of the Great Lakes Network’s (GLKN) analyses for 
monitoring water quality are based on ecologically meaningful questions and relationships, 
which prescribe the monitoring design, which in turn prescribes an analytical approach. 
Increasingly, biometricians are advocating that ecologists seek to elucidate and quantify 
ecologically important phenomena, rather than exclusively pursue statistical significance 
(Yoccoz 1991, Johnson 1999, Anderson et al. 2001). Efforts of GLKN to monitor water quality 
seek to provide a quantitative understanding of the effect size (e.g., temporal trend, difference in 
indicator values among pre-defined strata) as well as the repeatability of that result (i.e., a 
measure of precision or uncertainty associated with the estimate). We are striving to address 
directed monitoring questions that reflect our prior knowledge of the system and may provide 
useful information for management decisions, rather than test myriad hypotheses about 
ecosystem change. 


 
In addition to quantitatively describing the status and temporal trends of water quality indicators, 
a secondary goal is to begin to understand the dynamics and drivers of our indicators, following 
our conceptual models (Gucciardo et al. 2004). Although not every trend is a product of local 
management action, tests of association that address the underlying ‘why’ questions behind the 
‘what’ questions in trend analysis will be explored for at least a subset of our metrics of water 
quality. Although the validity of these associations can be strengthened with focused research, 
these types of questions increase the likelihood that our monitoring can lead to an early 
correction of trend before the cascading ramifications become irreversible. 


 
Temporal and Spatial Domains 


As described in the protocol narrative for monitoring water quality in GLKN inland lakes (Elias 
et al. 2008), we have defined our temporal domain as daytime periods during the ice-free 
months, ideally, when lakes are thermally stratified. Selected lakes will be sampled three times 
annually, at the same location within each lake. We selected lakes using several criteria, 
including lake type based on ordinations of past chemistry data to determine groupings of similar 
lakes within a given park, amount of past data, spatial balance within each park, and particular 
interest by park staff. We also selected lakes to span various gradients within a park, such as 
gradients across intensity of visitor use, surface area, maximum depth, and watershed area. 
Sampling of lakes typically occurs at the deepest location of a given lake unless a question 
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specific to the littoral zone is being addressed. It has been shown that spatial variation within a 
basin is small relative to temporal variation (Hanna and Peters 1991, Marshall and Peters 1989) 
for highly variable parameters such as chlorophyll and phosphorus. Therefore, we will 
maximize the number of sampling visits per lake, within budget constraints, and sample at a 
single location (the deepest part of the basin). 


 
Initial QA/QC Checks for Outliers in Data 


All water quality data undergo several quality assurance/quality control (QA/QC) procedures 
(e.g., duplicate sampling, data-entry filters, removal of logically inconsistent entries; see SOP #8 
for data management details) to ensure that the data accurately represent the natural environment 
at the time of sampling. In addition to these procedures, several analytical and data sorting 
techniques (e.g., scatter plots, box-and-whisker plots, stem-and-leaf plots, sorting values of a 
given indicator in ascending or descending order, “COUNTIF” statements in Excel) are available 
to identify potentially erroneous values and statistical outliers. During this process, data points 
that do not meet limitations for precision or bias may be flagged or eliminated from the database. 
Some statistical measures, such as population mean, are sensitive to extreme atypical values, or 
outliers. Therefore, to reveal the central tendency of the population, the project manager may 
elect to remove outliers from the data pool. Such removals should be performed with great 
caution, and only when it is clear that the outlier truly did not reflect system properties (e.g., the 
outlier resulted from instrument error, transcriptional error, contamination of the sample). 


 
Annual Data Summaries 


Brief characterizations of the data from each lake, each park, and the Network as a whole will be 
performed each year, after all QA/QC procedures have been completed. For each lake sampled, 
and for each parameter measured, descriptive statistics will include mean, median, maximum and 
minimum values, as well as skew, kurtosis, and measures of variability, when appropriate (e.g., 
coefficient of variation, standard error, variance). 


 
Given the relevant legislation (e.g., Clean Water Act of 1972), it may be of interest to individual 
NPS units and to other entities to assess the proportion of measurements during a time period or 
across a domain (at a single point in time) that exceed pre-determined thresholds, such as State 
water quality standards or ecoregional nutrient criteria. As with nearly all percentage data, 
arcsine transformations must be performed on those data before statistical analyses can be 
conducted (Sokal and Rohlf 1995). 


 
Analyses of Long-Term Trends 


In addition to these descriptive statistics, analytical approaches may also include estimation of 
interannual change, graphic approaches (e.g., comparison of mean and variability of a parameter 
in the current year versus during past years), and occasionally qualitative analysis (Guthery et al. 
2001), as well as modeling, correlational analyses, and various parametric and nonparametric 
analyses. Results of such analyses will be distributed via synthesis reports and/or articles in peer- 
reviewed journals. 


 
Because lakes were not selected randomly, we will not make inferences about trends in lakes 
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other than those we sample. We will analyze data from each lake independently of all other 
lakes. All lakes sampled within a park may be grouped for analytical comparison with lakes 
sampled in another park. Whenever lakes are pooled for analysis, we will ensure inferences 
are not made beyond those lakes that were sampled. Characteristics of the lakes that are 
known or suspected to affect water quality (e.g., lake size, maximum depth, underlying 
geology, watershed characteristics) can be included as covariates. 


 
Recommended Methods for Long-Term Trend Analysis 
 


Synthesis reports will include more intensive analyses of change after at least three years of 
sampling in a given lake has occurred. In addition to repeated-measures, time-series, regression, 
and non-parametric equivalents of various methods (such as regression, paired-t tests, and 
ANOVA), monitoring data may also be evaluated through nonparametric trend tests (e.g., Mann- 
Kendall or Seasonal Kendall), Monte Carlo simulation analyses, Bayesian analyses, and 
comparisons of period means. For the latter-most approach, one is often interested in comparing 
values before and after an important event (e.g., change in management policy, remarkable 
anthropogenic disturbance, natural catastrophe, drought), and considers years within each of the 
two periods as replicates. We may also examine trends for breakpoints, or changes in slope, 
which may indicate the timing of an important event, and hence a potential cause. Trends in 
parameters that are analyzed with respect to biotic and abiotic covariates will be included in the 
synthesis reports, although cause-effect relationships may be investigated more thoroughly by 
NPS partners and collaborators. 


 
In addition to analyzing each variable separately, water quality variables could be analyzed 
collectively through multivariate ordinations (e.g., nonmetric multi-dimensional scaling) of 
resource conditions through time, following West and Yorks (2002). This approach effectively 
integrates information across many indicators, and can suggest whether individual stations are all 
moving in the same direction in multidimensional ordination space. Furthermore, joint plots can 
be overlaid on the ordination, and can suggest which variables correlate most strongly to the 
direction of changes. Similarly, if specific comparisons are desired across a suite of uncorrelated 
variables, two or more pre-defined groups of samples could be compared using MANOVA or 
NPMANOVA, depending on whether parametric assumptions are met. 


 
Approaches to Analyze Frequently-Collected Data 
 


In contrast to many other parameters that the Network is monitoring, water quality measurements 
are collected several times per year. Not only does the long-term nature of this data set allow for 
robust retrospective analyses of trend, but the multiple sampling sessions within each year allow 
for various analytical approaches to analyze long-term trends. For example, if the goal is to 
monitor trend in the average value of a particular water-quality parameter, then all measurements 
collected within the year (or during the ice-free season) at each sampling location would be 
considered temporal subsamples and averaged. Trend analysis (using repeated-measures, time- 
series, or other regression analyses) would thus be performed simply on the annual means at each 
sampling location. This approach seems particularly viable for parameters that do not exhibit 
strong intra-annual variability (e.g., pH). However, this approach may be vulnerable to 
imprecision or bias if a parameter exhibits significant, predictable variability in its value 
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throughout the year and data are not collected (due to equipment failure or logistical constraint) 
at a high number of intended sampling occasions. 


 
Alternatively, if a particular parameter is known to exhibit significant intra-annual variability 
(e.g., chlorophyll-a), samples within the year can be partitioned into one of several periods 
(ideally, defined by relevant phenological or biological phenomena). Thus, for example, if 
interannual trends in nutrient concentrations during algal blooms are of interest, the temporal 
domain can be accordingly defined, and all samples within that window averaged within each 
year and the means analyzed for trend across years. Finally, if there is a strong desire to 
incorporate intra-annual variability into interannual trend analyses, data within each year can be 
analyzed through a smoothing algorithm, and interannual variability is thus analyzed on the 
smoothed data. It may be the case, however, that process variation is larger than the sampling 
variability (Burnham et al. 1987). 


 
Duplicate Sampling 
 


To ensure that understanding of water quality trends within lakes of the GLKN is not 
confounded by biased results, we will collect duplicate samples and field measurements at the 
rate of approximately once every 10 samples. We will assess the relative percent difference 
between duplicate samples or measurements and flag data that do not meet the QA/QC 
guidelines detailed in SOP #12. Those data that do not meet the QA/QC stipulations may or may 
not be used in analyses, on a case by case basis. For example, parameters measured at low 
concentrations (e.g., less than five times the method detection limit) may be accepted, and both 
duplicates used in analysis. If duplicate samples meet the QA/QC guidelines, we will use the 
mean value of the duplicate measurements in data analyses. Explanations of how duplicates are 
handled in data analyses will be included in reports. 


 
Other Analytical Considerations 
 


For trend analyses performed using regression, trend will be investigated using a linear 
relationship. If analyses suggest a non-linear temporal pattern, serial autocorrelation, or lagged 
response to stressors, appropriate analytical modifications will occur. When discussing the desire 
to be able to detect a trend of 20%, for example, it must be stated during what time period that 
level of change is to be detected. This allows one to calculate the minimum level of change that 
is important to detect between successive sampling periods. A 20% change occurring over 1 year 
is obviously much different than that same level of change (20%) occurring over 10 years (i.e., 
an average change of 1.84% per year). 


 
Adopting the philosophies of the precautionary principle (United Nations 1992) and the safe 
minimum standard of conservation (Ciriacy-Wantrup 1952, Berrens et al. 1998), the GLKN 
monitoring program seeks to identify potential natural resource problems early, before 
deleterious or irreversible ecosystem changes occur (e.g., crossing of ecological thresholds; 
Laycock 1991, van de Koppel et al. 1997, Laurance and Williamson 2001). Consequently, for 
most analyses that use the null hypothesis of no change through time, we will adopt α = 0.10. 
Furthermore, for parameters that exhibit particularly high variability, magnitudes of change that 
seem biologically meaningful (Johnson 1999) yet have 0.10 < α < 0.20 may merit more intensive 
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or extensive monitoring or experimental study. 
 


If water quality monitoring tracks a relatively large suite of variables, Bonferroni or modified 
Bonferroni corrections (e.g., Hohm’s method) may be performed, to maintain the ‘familywise’ 
alpha at 0.10. Roback and Askins (2005) argue that if the main goal is simply initial screening 
for conservation problems or generation of hypotheses to be tested further, but not detection of 
real differences or trends, then alpha can be left at its standard comparisonwise significance 
level, to avoid Type II errors. 


 
When the dataset contains non-detects, we will follow Helsel (2005) in conducting statistical 
analyses. Several methods exist for handling non-detects, each with advantages and drawbacks. 
Early in our program we will likely use a substitution method, where a value between zero and 
the detection limit will be substituted for the non-detect. The main drawback of this method is 
that estimates of the true variability are not possible. When the program is more mature and we 
have adequate data to determine the distribution of data, we will likely use maximum likelihood 
estimation, which works well for large sample sizes. Other methods, such as “regression on order 
statistics” and the non-parametric Kaplan-Meier method will be considered, and in consultation 
with a statistician, the most appropriate method for the data will be employed. 
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Standard Operating Procedure #13: Reporting 
 


Introduction 


A primary goal is to ensure that the results and knowledge gleaned from monitoring are shared 
with all appropriate parties, especially the involved Lake Associations and local natural resource 
managers.  


 
While the Sigurd Olson Environmental Institute primarily addresses concerns of lake 
associations, its monitoring program has the potential to serve a much broader community. For 
example, monitoring projects can provide a starting point for repeatable scientific research 
(especially to establish cause-effect relationships), provide insights for adaptive management, 
and lead to regulatory management decisions to protect long-term health of individual lakes.  


 
Annual Summary Reports 


A summary report will be produced annually?????  The primary audience for the annual 
summary reports will be lake associations. These summaries will be communications to 
document our efforts and convey the findings of the previous field season. At a minimum they 
will provide: 


 
• a brief introduction that describes the monitoring; 
• an outline of the sampling strategy, including the number of sites sampled, parameters 


measured, and analyses performed; 
• data summaries, including tables and figures to enhance visual presentation, as well as a 


text explanation of the findings; 
• any other relevant or significant findings; and 
• a limited discussion section in which important results are interpreted. 


 
The Lake Coordinator will take the lead in writing the report and discussion. 


 


Conference Presentations 
 


When possible, the project coordinator and research assistant(s) or Scientist(s) will present 
monitoring results at regional scientific conferences. Such presentations will allow the Sigurd 
Olson Environmental Institute to reach the broader scientific community, as well as land 
managers and conservation practitioners. Potential conferences include the Wisconsin Lakes 
Convention, _________________--. 
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Standard Operating Procedure #14: Post-
Season Procedures 


 
Introduction 


The proper maintenance and storage of field and laboratory equipment will prolong the life of 
the gear as well as simplify start-up procedures for the next field sampling season. 


 
 
End of Season Procedures 


Field Instrumentation and Equipment 
 


When multisensor water quality probes are to be stored for extended periods of time, make the 
following preparations: 


• Thoroughly clean the sensors. 
• Remove installed batteries. 
• Fill the storage cap approximately one-fourth full of tap water. If the sensors might be 


exposed to freezing temperatures, use a solution of one-half tap water and one-half 
methanol. 


• Store away from direct sunlight. Although the instrument should be able to be reliably 
reactivated for field use with a minimum of effort before field use, it should be checked 
out well in advance of scheduled surveys to allow time for repair or replacement. 


 
Refer to equipment manuals for more detailed instructions regarding maintenance of multiprobe 
sondes. 


 
End-of-season care of other equipment includes the following: 


• Inspect and clean all equipment following the procedures detailed in SOP #5, 
Decontamination of Equipment to Remove Exotic Species. This effort minimizes the 
potential for transferring nuisance species from contaminated lakes to uncontaminated 
lakes. 


• Lay out all ropes and sampling lines to dry completely, then coil or roll back into their 
holders. 


• Store field equipment in protective storage cases to avoid damage. 
• Clean all sample collection and storage containers in a 0.1N HCl acid bath followed by 


deionized water rinses as per SOPs #6 and #7. 
• Return all of the equipment and supplies to the proper storage area. Keep them organized 


so they can be inventoried using the equipment and supply checklists. 
• Store calibration standards and electrolyte solutions in a temperature-controlled 


environment. 
• Properly dispose of all chemical waste material. 


 
Laboratory Equipment 
 


• Clean all labware in a 0.1N HCl acid bath followed by deionized water rinses as per SOP 
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#7. 
• Inventory all supplies and replace if necessary as soon as possible. 


 
Data Management 


There is no substitute for complete and accurate record keeping of field-derived data. Field 
technicians, crew leaders, and project leaders share responsibility for collecting, verifying, and 
documenting data according to the guidelines in this monitoring protocol and all applicable 
standard operating procedures. Refer to the GLKN Data and Information Management Plan 
(Hart and Gafvert 2005) for overall guidance and follow SOP #8, Data Entry and Management 
and SOP #10, Reporting, for additional details. 


 
Quality Assurance/Quality Control 


Taking proper care of all field and lab instrumentation and sampling gear is a fundamental part 
of any QA/QC program. Sensors that are properly cared for will likely be less variable and 
equilibrate more quickly in the field. See SOP #12 for additional details on QA/QC procedures. 
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Standard Operating Procedure #15: 
Quality Assurance/Quality Control 
 


Purpose 


This standard operating procedure (SOP) defines procedures for quality assurance and quality 
control to be used with the Great Lakes Network protocol for monitoring water quality in inland 
lakes. Quality assurance is the planned and systematic pattern of all actions necessary to provide 
adequate confidence, or assurance, that a project outcome optimally fulfills expectations. Quality 
control is the systematic evaluation of the various aspects of a project to ensure, or control, that 
the standards of quality are being met. Quality control involves specific tasks undertaken to 
determine the reliability of field and laboratory data. Together, quality assurance/quality control 
(QA/QC) is a substantial part of any monitoring program.  


 
Applicability 


Procedures in this SOP will be implemented during all work pertaining to monitoring water 
quality in inland lakes as described in the protocol narrative. This SOP is designed to assure that 
all data obtained will contribute quality information to an understanding of the ecological 
integrity of park units of the Great Lakes Network. 


 
The rationale for dividing a sampling protocol into a protocol narrative with supporting SOPs is 
based on the following: 


• The protocol narrative is a general overview of the protocol that gives the history and 
justification for doing the work and an overview of the sampling methods, but does not 
provide all methodological details. The protocol narrative will only be revised if major 
changes are made, such as changes in sampling design. 


• The SOPs are specific step-by-step instructions for performing a given task. They are 
expected to be revised more frequently than the protocol narrative. 


• Usually, when a SOP is revised, it is not necessary to revise the protocol narrative to 
reflect the specific changes made to the SOP. All versions of the protocol narrative and 
SOPs will be archived. 


 
The steps for changing the protocol (either the protocol narrative or the SOPs) are outlined in 
Procedures for Revising the Protocol (SOP #13). 


 
Summary 
 


The core suite of parameters measured at all water quality monitoring sites include temperature, 
pH, specific conductance, dissolved oxygen, clarity (secchi depth or transparency).  These 
measurements are less diagnostic of water quality degradation than biotic communities and other 
water quality variables, such as nutrient concentrations. 


 
Inputs of excess nutrients, habitat degradation, spread of exotic species, and contaminants from 
atmospheric fallout and surface runoff, and how these stressors affect the chemical and 
biological functions of lakes are key issues of concern. By monitoring an advanced suite of 
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parameters including Total Nitrogen, Total Phosphorus, SRP, and Chlorophyll a, we will 
provide data for a thorough understanding of changes in lakes over time. 


 
Our overall goal is to develop a program for monitoring water quality in inland lakes that will 
contribute to an understanding of the health of across northern Wisconsin and result in the 
development of a Lake Management Plan for each lake being monitored. The monitoring 
protocol is intended to document water quality status and trends for individual lakes and provide 
an indication of quality and health on a region-wide basis. The protocol includes analysis of 
historical data, sample design, field and laboratory methods, data analysis and reporting, and 
training and operational requirements. 


 
 


Personnel Responsibilities 


Personnel will study this SOP prior to beginning work on the project and follow its procedures in 
order to conduct the project according to outlined QA/QC procedures. This will ensure 
consistency and comparability when changes in personnel occur. 


 
Field personnel should be adequately experienced and/or trained in using field and water quality 
sampling equipment. This experience is best obtained through a combination of classroom and 
hands-on training, including pilot-testing equipment at a nearby water body. Personnel should be 
familiar with the instruction manuals for all equipment, particularly with regard to calibration  
and maintenance procedures. See SOP #2, Training and Safety, for more details on training. 


 
The role of the Lake Coordinator is to develop and direct the lake monitoring program, train and 
supervise research field personnel, collaborate with Northland’s ARE laboratory, and serve as a 
liaison among natural resource managers, lake associations, and other monitoring project partners. 
Specific responsibilities include the following: 


 
• Coordinate field schedules and availability of supplies with field personnel 
• Develop a training program for field personnel 
• Develop, document, and oversee the implementation of standard procedures for field data 


collection and data handling 
• Coordinate logistics with park staff 
• Develop quality assurance and quality control measures for the project, supervise staff 


training and conduct quality assurance checks of field sampling techniques at least once, 
mid-season, with each field crew 
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• Contract with an analytical laboratory for analysis of water samples, ensure lab results 
meet program needs (e.g., QA/QC procedures, meaningful minimum detection limits for 
low level strength waters, adequate reproducibility of replicate samples) 


• Supervise or perform data entry, verification, and validation 
• Summarize and analyze data, prepare reports 
• Serve as the main point of contact concerning data content 


 
The project manager will also work closely with the data manager in the following capacities: 


 
• Complete project documentation  
• Develop data verification and validation measures for quality assurance 
• Ensure staff are trained in the use of database software and quality assurance procedures 
• Coordinate changes to the field data forms and the user interface for the project database 
• Identify sensitive information that requires special consideration prior to distribution 
• Manage the archival process to ensure regular archival of project documentation, original 


field data, databases, reports and summaries, and other products from the project 
• Define how project data will be transformed from raw data into meaningful information 


and create data summary procedures to automate and standardize this process 
• Establish meaningful liaisons with state counterparts to promote sharing of data on a 


timely basis 
 


The field crew leader will be responsible for preparing supplies and equipment for field season; 
ordering needed supplies; making travel arrangements; maintaining sampling equipment; 
maintaining field vehicles; ensuring field personnel follow sampling protocols; preparing field 
data forms, chain of custody forms, and analytical service request forms for each site; notifying 
contract laboratory of planned sample shipment date; and providing project manager with field 
trip and check-in schedule. 


 
Field personnel will be responsible for following protocols and standard operating procedures 
during field activities and the handling of samples. 


 
Roles of staff are explained in more depth in section 5 of the inland lakes protocol narrative, 
along with training and requirements. 


 
Sampling Process and Design 
 
 
 
Site Selection 


The lakes selected for sampling are listed in section 2 of the inland lakes protocol narrative. A 
single sampling site, typically located in the deepest part of the lake, will be the routine location 
for measuring all water quality variables. Sampling the deepest part of the lake allows sampling 
every possible depth to the bottom, and has a long history in limnology. 
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The Network will use a 0 – 2 m integrating tube sampler, following the protocol used by 
Wisconsin and Minnesota and many other states. A near-bottom sample (approximately 1 meter 
from bottom) will be collected via Van Dorn sampler during mid-summer, when lakes are 
stratified, for analysis of TP. 


 
Field Collection Parameters 


Core field parameters will be measured with a multiprobe (Table 2). Samples will be taken for 
shipment to a contract laboratory for nutrients (TP, TN, NO3+NO2-N, NH4-N) and chlorophyll-a 
each sampling visit, or three times annually, and the remaining parameters (alkalinity, major ions 
(Cl, SO4, Ca, Na, K, and Mg), DOC, and SiO2) once annually. In addition, a near-bottom sample 
for TP will be collected once annually from stratified lakes. 


 
Collect water sample(s) with an integrated sampling tube or Van Dorn and process as per SOP 
#7. In the field log book and on the field data sheet, record information related to the sample 
collection, including: 


1. Lake name and site identification code. 
2. Sample date, time, and depth. 
3. The amount of water collected. 
4. Whether duplicate samples for quality control were collected at this site. 
5. Any additional notes or observations pertinent to this sample or location for 


this sampling period. 
 


Additionally, always keep in mind the following; 
• Sample containers should be labeled in indelible ink with, at a minimum, the station 


name, date and time of collection, and preservation method, if applicable. 
• Follow all SOPs for sample collection and preservation. 
• To ensure the integrity of the sample, be aware of possible sources of contamination. 


Contamination introduced during each phase of sample collection and processing is 
additive and usually is substantially greater than contamination introduced elsewhere in 
the sample handling and analysis process. 


• Use appropriate procedures and quality-assurance measures that ensure sample 
representativeness and integrity and that meet study criteria. The degree to which a 
sample can be considered representative of a water body depends on many interrelated 
factors including temporal and spatial homogeneity of the water body, sample size, and 
the method and manner of sample collection. 


 
Field Analysis 


Dissolved oxygen, temperature, specific conductance, and pH will be measured in the field using 
a multiprobe and following the methods listed in Table 2. Multiprobes typically perform within 
the specifications detailed in Table 3. Other parameters may be analyzed at the field station by 
field personnel in the future. 
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0-200% 0.1% ~ ±2 % ± 2 % 


0 - > 100 m 0.1 m ~ 0.1 m 0.1 m 


 


 
 


Table 2. Core suite of field variables and required in situ measurement method. 
 


 
Field Variable Method 


 


Temperature (°C) EPA 170.1 


pH EPA 150.1 


Specific conductivity (µS/cm) EPA 120.1 


Dissolved oxygen (mg/L)  EPA 360.1 


Clarity (cm) Transparency tube 
 
 


Specification of quantification ability for field multiprobes is not a straightforward data quality 
objective exercise. Most field parameters tend to be those that characterize the waterbody and are 
not usually based on a criterion limit as would be used for a toxic pollutant. Therefore,  
instrument selection should be based on the parameters and ranges they can measure, but 
instrument-specific estimations of the range of uncertainty for each parameter will have to be 
made when interpreting data. Details on estimating instrument sensitivity are included below in 
section 12.8.2. 


 
Table 3. Typical sensor performance specifications for multiprobe field instruments. 


 


Sensor Expected 
Range 


Reporting 


Resolution* Estimated Bias Stabilization Criteria 


Temperature -5 to 45 °C 0.01 °C ±0.15 °C Thermistor: ± 0.2 °C 
Glass: ± 0.5 °C 


 


Specific 
Conductivity 
(SC25) 


0 to 2000 
µS/cm 


µS/cm 
(range 


dependent) 


±0.5% of reading 
+ 1 µS/cm 


≤100 µS/cm: ± 5% 
>100 µS/cm: ± 3% 


 


pH 1 to 14 units 0.01 unit ±0.2 units ± 0.1 standard unit 


0 to 20 mg/L: 
Dissolved 


Oxygen (Conc.) 0 to 50 mg/L 0.01 mg/L 
±0.2 mg/L 


20 to 50 mg/L: 
±0.6 mg/L 


± 0.3 mg/L 


 


Dissolved 
Oxygen (% sat.) 


Depth – Z 
(pressure sensor) 
* Resolution specifications are supplied by the manufacturers of the measuring meters. They are not necessarily 
closely related to real-world (outdoor) precision or bias, and are sometimes more related to the number of significant 
figures reported rather than how accurate the extra significant figures are. This is why we will control measurement 
sensitivity in the actual outdoor measuring environment at least once a year by calculating alternative measurement 
sensitivity (AMS; see Irwin 2006 for more details on AMS). 
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Laboratory Analysis 
Samples will be collected in the field according to SOP #6 for shipment to a contract laboratory 
that meets QA/QC requirements outlined in Section 12.8.3 of this SOP. Samples will be  
analyzed for nutrients (TP, TN, NO3/NO2-N, NH4-N) and total chlorophyll-a, each sampling 
period, while alkalinity, major ions (Cl, SO4, Ca, Na, K, and Mg), DOC, and SiO2, which tend to 
be less variable, will be monitored annually. 


 
Methods chosen will meet quantification limits according to the criteria tabulated below (Table 
4). The method limit of quantitation (ML) of the chosen method should be two to ten times lower 
than the typical expected low value. The ML is the lowest value that can be quantified with 
certainty. The value in the “ML needed” column of Table 4 is two to ten times lower than the 
lowest value found in the pilot year of sampling water quality for each analyte. This estimation is 
used as guide to the selection of the method that will be needed for this project. 


 
The majority of the parameters listed in Table 4 are used in waterbody characterization and do  
not have criterion lower limits as would a toxic pollutant. Some of the criteria available are listed 
as maximums not to be exceeded and, as such, do not guide the selection of a method by ML. 
Guidelines to be used, therefore, include relevant state water quality standards, EPA eco-regional 
nutrient recommendations (USEPA 2000), state nutrient criteria as they are developed, data 
results for these parameters from the pilot studies carried out by GLKN, lowest values for the 
parameter found in relevant Horizon reports (NPS 1995a, 1995b, 1995c, and 1999), and/or  
values based on the best professional judgment of GLKN staff. 


 
Sampling Methods 


Consistent methods are important to long-term quality data. In actuality, the ideal conditions are 
not always met in the field or in the lab and changes in staff do occur. Therefore, documentation 
of procedures, site conditions, laboratory analysis, and reasons for deviations of any kind is 
important in and of itself for long-term projects. Personnel will be encouraged to write down 
more than they feel may be necessary in the moment as the future interpretation of their data will 
depend on the written record and not the memory of an individual. 


 
Site Locations 


Refer to description of monitoring station location, directions, and photos to verify correct 
location. Verify coordinates with a GPS unit. Document this verification. This information will 
be contained in a site binder along with a table of previous field measurements to compare with 
new measurements. 


 
A single sampling site, typically located in the deepest part of the lake, will be the routine 
location for measuring all water quality variables. Sampling the deepest part of the lake allows 
sampling every possible depth to the bottom, and has a long history in limnology. Except for 
shallow lakes, this type of sampling ignores the littoral zone and always avoids the nearshore 
zone, as well as embayments and other features related to morphometry. 
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Table 4. Analytical detection levels required for GLKN water quality monitoring. 
 
 


Analyte 
Typical Low 


Value Found Criteria Source 
 


a, b 
 


Comment 
ML 


Needed 


Alkalinity 
(mg/L)c


 


 
DOC (mg/L) c 


ND (<1) Lowest value 
pilot year MDL unknown 


3 Lowest value 
pilot year Lab MDL 0.1 


 
 
 


0.3 mg/L 


Ca2+ (mg/L) c 2.4 Horizon report MDL unknown 0.24 mg/L 
 


Cl- (mg/L) c 
0.273 Lowest value 


pilot year Lab MDL 0.025 
0.02 mg/L 


Chl-a (µg/L) 0.63 EPA Lower of VII and 
VIII 


0.06 µg/L 


Mg2+ (mg/L) c 0.47 Horizon report MDL unknown 0.04 mg/L 


K+ (mg/L) c 
0.24 Lowest value 


pilot year Lab MDL 0.06 
0.02 mg/L 


Na+ (mg/L) c 0.5 Horizon report MDL unknown 0.05 mg/L 


SO4
2- (mg/L) c 


TP (µg/L) 


TN (µg/L) 


0.625 Lowest value 
pilot year Lab MDL 0.025 


10 EPA Lower of VII and 
VIII 


0.38 EPA Lower of VII and 
VIII 


0.06 mg/L 
 
 


1.0 µg/L 
 
 


0.03 mg/L 


NH4-N (µg/L ) c 5.0 Horizon report MDL unknown 1.0 µg/L 


NO3+NO2-N 
(µg/L ) c 


2.0 Horizon report  1.0 µg/L 
MDL unknown 


 
Si02 (mg/L) 


NOTES: 


ND (<0.1) Lowest value 
pilot year Lab MDL 0.2 


0.1 mg/L 
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a: EPA = EPA Ecoregional nutrient criteria recommendations, lower value recommended for aggregate ecoregions 
VII and VIII (USEPA 2000). 
b: WQS = criteria value listed in Ledder (2003) state water quality standards 
c: parameter has no official criterion for any of the states, the value reported in the analytical requirement column is 
the lowest value determined in the pilot year for rivers or lakes or the lowest value found in a spot check of Horizon 
reports for each park. 


 
 
Field Water Measurements 


Before making field measurements, properly-calibrated sensors (see SOP #6) must be allowed to 
equilibrate to the condition of the water being monitored. Sensors have equilibrated adequately 
when instrument readings have stabilized, that is, when the variability among measurements does 
not exceed an established criterion. The criteria for stabilized field readings were defined 
operationally by O’Ney (2005) for a set of three or more sequential measurements (Table 5). The 
natural variability inherent in surface water or ground water at the time of sampling generally  
can be compared with these stability criteria and indirectly relates to the short term bias or the 
long term accuracy that should be attainable with a calibrated instrument. Dissolved oxygen 
sensors that utilize a Clark cell membrane may require up to five minutes to stabilize, while 
optical dissolved oxygen sensors and sensors for the other parameters typically require less than 
60 seconds to stabilize. Observers should only note instrument readings after the stabilization 
criteria in Table 5 are met for all the sensors, and then record readings for all parameters at once. 


 
Measure field water quality variables and conduct sampling according to SOP #6, field 
measurements and water sample collection. Quality results require consistent measurement 
methods and detection limits. 


 
Depth profiles of temperature, specific conductance, pH, and dissolved oxygen will be measured 
at each sampling station using a multiparameter instrument (multiprobe). Lake level will be 
determined at benchmark stations on a regular basis. Details of methods for measuring lake  
levels are included in SOP #4. Clarity will be measured using a Secchi disk or transparency tube. 
These core parameters will be measured when water samples for analysis of the advanced 
parameters are collected. 


 
Begin just below the water’s surface (~ 0.3 m depth) and take readings after stabilization of the 
multiprobe. Lower the sensors to collect a vertical profile of field parameters at 1m intervals  
until 20 m depth, and then every 2-5 m depending on overall depth and gradients. Replicate 10% 
of the readings (e.g., at 1 m, 10 m, etc.); take the replicate readings immediately following the 
original readings. Values should agree within 10% or the acceptance criteria in Table 5, 
whichever is larger. 


 
At all sites, record visual observation information required on the data sheet. Such observational 
data can provide important information to the interpretation of field measurements. 


 
If any analyses are to be done in-house, conduct these analyses as soon as possible upon return 
from the field. A clean analytical station should be prepared in which to work, free of food items, 
mud, lubricants, or lab chemicals. Hands should be thoroughly washed. 


 
 
Samples for Laboratory Analysis 


Prepare bottles and labels prior to field sampling as per SOP# 6. Collect samples using a 0-2 m 
integrating tube sampler as per SOP #6. For all sampling, it is critical to avoid sampling water 
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showing evidence of oil, gasoline or anything else from the boat. It is best to kill the engine and 
set the anchor, if possible, although this may not be possible or advisable in bad weather or with 
a balky engine. 
Table 5. Recommended instrument stabilization criteria for recording field measurementsa,b. 


 
 


Standard Direct 
Field Measurement 


 
Stabilization Criteria 


(O’Ney 2005) 


Stabilization Criteria 
In situ Multisensors 


  (WOW 2005)   
Temperaturec: 
Thermistor Thermometer 
Liquid-in-glass Thermometer 


 
Specific Conductivity (SC25)d 


When ≤ 100 µS/cm 


± 0.2 °C 
± 0.5 °C 


 
 


± 5 % 


± 0.2 °C 
(5%) 


When > 100 µS/cm ± 3 % < 5 µS/cm (10%) 


pHe: Meter displays to 0.01 ± 0.1 unit ± 0.2 unit (10%) 


Dissolved oxygene: 
 
 
 


Notes: 


Amperometric (same as 
polarigraphic) method ± 0.3 mg/L 


± 0.5 mg/L (10%) 
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a: Resolution/sensitivity is a data quality indicator related to detection limits but typically handled differently for 
field probes than for laboratory parameters. For more information, see Irwin (2004). 
b: In the case of field probes, bias is typically a best case maximum deviation from known correct values (typically 
based on comparisons with known NIST certified reference materials or standards). True accuracy is a combination 
of high precision and low bias, and is hard to quantify with the small sample sizes used to control bias and precision 
in typical field measurements (see Irwin 2004 for more details). 
c: Recommended sensor calibration is quarterly. d: 
Recommended sensor calibration is daily. 
e: Recommended sensor calibration is at beginning of sampling day with a calibration check at the end of the day. 


 
 
 


Prior to filling sample bottles sent by the laboratory, first rinse the bottle once with sample water, 
if the bottle is not pre-preserved. Some analyses require preservation of the sample with acid, 
which may be added to the bottle by the contract laboratory; in these cases do not rinse the bottle 
first. Take care not to overfill the bottle if the bottle is pre-acidified, as overfilling will flood the 
acid out of the bottle. If the samples requiring acid preservation are not pre-preserved, use  
caution to add the ampule of preservative supplied by the lab and immediately rinse hands in 
water if acid is spilled. Protective gloves are recommended. 


 
Table 6 summarizes the variety of methods, detection limits, preservation techniques, and  holding 
times for water samples addressed by this protocol. These methods conform to those  used by 
Minnesota, Wisconsin, and Michigan for state certification of environmental laboratories involved 
in Clean Water Act or drinking water sample analysis (MDH 2005, WSLH 2003, MDEQ 2005). 
They are also used by EPA-funded research projects of natural waters in the upper midwestern 
U.S. Holding times shall in no case be less stringent than those recommended by  EPA in 40 CFR 
Part 136 to 136.3 and appendices. Refer to SOP #6 for additional details regarding sample 
collection and preservation. 


 
Samples are stored in a cooler with ice packs during field sampling. Prepare samples for 
shipment according to the contract laboratory’s protocols. These protocols will be provided to 


 
 


the field sampling personnel for each sampling round so that the proper procedures are accessible 
in the event of contract laboratory changes. In general, samples are shipped on ice to maintain a 
temperature of approximately 4 °C. A plastic bag is placed in the cooler first. Sample bottles are 
packed among zip lock bags of ice and/or ice packs to prevent water leakage into the sample 
bottle during shipment. Prepare a temperature check bottle for each anticipated cooler, if 
recommended by the contract analytical laboratory. Use tap water to fill an extra bottle of the 
same size used for one of the analytes and label as “Temperature Check”. Store this check bottle 
in refrigerator with other samples; package and send to the analytical laboratory with the other 
samples. Some analyses require the sample to be frozen for shipment; such frozen samples are 
likewise packed among ice packs for shipment to the contract laboratory. 


 
Follow the shipping company’s requirements in preparation of the cooler of samples for 
shipment. Packaging problems may cause delays in shipment, which can mean that samples do 
not arrive at the laboratory at the proper temperature or past holding time, compromising data 
quality. In general, the ice and samples should be contained within a sealed plastic bag within the 
cooler so that the cooler does not leak. Packing tape should be wrapped around the cooler 
vertically and around the lid seam horizontally to ensure it remains closed. A note on the cooler 
that it contains water samples is helpful as well so that if leakage occurs, carriers will know the 
contents are not hazardous. 
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TSS Gravimetric I-3765 USGS-NWQL 1 mg/L 2 
5 
50- Note 4 
00 4oC filter P NA 


 IC 4110C APHA 75 ug/L Note 3 pH<4 H2SO4 P or G  
SO4 CIE-UV D6508 ASTM 0.1 mg/L Note 3 pH<4 H2SO4  ASAP 


 Spect. 37512 EPA-NERL 0.5 mg/L Note 3 pH<4 H2SO4 P or G 28 days 
 


Analyte 


o 


Sampling Forms 
Before leaving the monitoring site, all field forms and sample labels must be reviewed for 
legibility, accuracy, and completeness. Any changes in procedure due to field condition must be 
explained in the comments section. Make sure the information is complete on all forms. Record 
the departure time on the field form. After reviewing each form, initial the upper right corner of 
each page of the form. Document any photos taken by including the photo number and roll 
number or digital camera photo number on the field form. 


 


Table 6. Example range of analytical methods, method detection limits (MDLs), containers, and 
holding times. 


 
 


Analytical 


Note 1 Method # Det. Limit 


 
Vol. 


(ml) Filter Preservation 
o 


Sample 
Bottle 
Note 2 


 
Hold 
Time 


Alkalinity Titrimetry 310.1 EPA-NERL 10 mg/L 4 C 14 days 
Spec. auto. 310.2 EPA-NERL 10 mg/L 4oC 14 days 
Titrimetry NFM USGS-OWQ 0.01 meg/L Note 4  None  none 


ICP 3120B            APHA 10     ug/L Note 3 pH<2 HNO3 P or G 6 mos 
Calcium 


 
 


Chloride 


Titrimetry 215.2 EPA-NERL 0.5 mg/L Note 3 4oC 6 mos 
FAA I-3152 USGS-NWQL 0.1      mg/L 250 mL Note 3 pH<2 HNO3  P 180 day 


IC 300.0          EPA-NERL 0.02 mg/L    4oC P or G 28     
day 


Colorimetry 325.2 EPA-NERL 1   mg/L  4oC  28 day 
Titrimetry  4500-Cl APHA 0.15 mg/L 100 mL 4oC P or G 28 day 


Chlorophyll-a Spect. 10200 APHA 2 ug/L < 1 L Note 4 Freeze filter P 30day 


Color  Spect.  110.2 EPA-NERL 5 Pt units  Note 5 4 C G 48 
hours Vis. Comp. I-1250 USGS-NWQL  1 Pt-co 250 mL Note 5 4oC P 30     
days 


DOC Spect.  415.3 EPA 0.018 mg/L 125 Note 3 pH<4 H2SO4 G 28 days 
Spect. 0-1122-92 USGS 0.1      mg/L    4oC AG 


K ICP 3120B APHA 0.3 mg/L Note 3 pH<2 HNO3 P or G 6 mos 
FAA 3111B APHA 5 ug/L Note 3 pH<2 HNO3 P or G 6 mos 


Mg  ICP 3120B APHA 20     ug/L Note 3 pH<2 HNO3 P or G 6 mos 
FAA 3111B APHA 0.5 ug/L Note 3 pH<2 HNO3 P or G 6 mos 


Na  ICP 3120B APHA 30 ug/L Note 3 pH<2 HNO3 P or G 6 mos 
FAA 3111B APHA  2 ug/L Note 3 pH<2 HNO3 P or G 6 mos 


Selective elec. 4500-NH3E 0.08 mg/L 4oC/pH2,0oC 24h/28d 
NH4-N 


 
 


SiO2 


Colorimetry 350.2 EPA-NERL 0.08 mg/L pH<4 H2SO4 28 day 
Titrimetry  4500-NH3 APHA 5   mg/L  4oC/pH2,0oC   24h/28d 


ICP  3120B            APHA 20 ug/L Note 3 pH<2 HNO3 P or G 6 mos 
Spect. 4500- SiO2  D APHA 0.04 mg/L Note         3  No, 4oC  P 28     
days 


FIA-Spect. 4500- SiO2  F APHA 0.78 ug/L Note 3 No, 4oC P 28 days 
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Spect. I-2606 USGS-NWQL 0.001 mg/L 125 mL  MgCl          4oC BrownP 30     
days TP Alkaline P  USGS 2003 0.01        mg/L 120       ml Note 6 4oC /H2SO4  48 h/30d 


ICP 200.7 EPA-NERL 60 ug/L pH<2 HNO3 P 6 mos 
Alkaline P USGS 2003 0.03        mg/L 120 ml Note 6 4oC /H2SO4  48 h/30d 


TN Titrimetry 4500-N 0-100 mg/L    4oC AG 7   days 
Combustion 440.0 EPA-NERL 0.1 mg/L Filter 100 day 


Source: National Environmental Methods Inventory website (NEMI 2006) 
This list is not an endorsement of any particular method or laboratory for any particular analyte. Rather it is to be 
used as a reference for the range of analytical methods available for each analyte. There are surface water conditions 
(pH, turbidity, other elements) that make a particular method unsuitable for a particular situation. As GLKN is 
monitoring surface water, the methods listed were chosen as representative of the lower range of detection limits. 
Note 1. CIE-UV= capillary ion electrophoresis with UV detection, FAA = flame atomic absorption, FIA = flow 
injection analysis, IC= ion chromatography, ICP = inductively coupled plasma, Spec. auto = spectroscopy with 
autoanalyzer 
Note 2. P = plastic (polypropylene), G=glass, AG=amber glass 
Note 3. 0.45µm membrane filter. Pre-filter for dissolved portion analysis. 
Note 4. 0.45µm glass fiber filter. 
Note 5. 0.45µm membrane filter or centrifuge is recommended to remove suspended solids that affect color, 
however some color will also be removed. 
Note 6. USGS 2003. Evaluation of Alkaline Persulfate Digestion as an Alternative to Kjeldahl Digestion for 
Determination of Total and Dissolved Nitrogen and Phosphorus in Water By Charles J. Patton and Jennifer R. 
Kryskalla. U.S. Geological Survey Water-Resources Investigations Report 03-4174. 


 
 


Handling and Custody 


One part of proper data and sample handling procedures is to provide a complete record of the 
methods and procedures followed. Complete records are important to long-term monitoring so 
that anyone using the data may trace the sampling history. 


 
Field Data 


Field data will be collected on forms printed on waterproof paper. While at each monitoring site, 
the information recorded on the forms should include: 


• Date and day of week 
• Time of arrival 
• Names of field team members 
• GPS coordinates, to verify location 
• Current weather (air temperature and wind speed) and relevant notes about recent 


weather (storms or drought) 
• Observations of water quality conditions 
• Description of any photographs taken 
• Multiparameter sonde (model), calibration date, and field measurements of core suite 


variables 
• Sample identification numbers and collection times for advanced suite variables or 


quality assurance samples 
• Samples taken for laboratory analysis 
• Whether any samples were not collected, and reason 
• Water level 
• Any other required metadata for NPSTORET data entry 
• Time of departure 
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All entries should be made clearly. If an incorrect entry is made, a single heavy line should be 
drawn through the incorrect entry and the correction made. All corrections should be initialed and 
dated. The completed field forms will be maintained in chronological order by station, copied 
into site binders and the originals maintained on file indefinitely. Field data are reviewed 
annually by network personnel (see SOP #8, Data Entry and Management, for details). 


 
Site/Sample Identity Codes 


Sampling stations will be identified by park and water body according to Network guidance. 
Information on the sampling station and park will comply with NPSTORET requirements. 


 
Data Transfer 


Enter field and laboratory data into NPSTORET as soon as possible after receiving the data, 
according to SOP #8. Field forms are the only written records of field measurements; place 
copies in office binders and keep originals on file indefinitely. Program sampling data and 
associated records are archived and stored in the GLKN Ashland Office. Boxes are numbered 
consecutively by year, project, and station number. 


 


Personnel entering data into the database should take care to enter laboratory data in consistent 
units. Different laboratories may report analytical results in different units (mg/L vs. µg/L) for 
the same analyte. Follow SOP #8, Data Entry and Management, when entering data. 


 
The contract laboratory should use the STORET-supported laboratory remark codes (Table 7) or 
provide a map relating their remark codes to these. Unlisted remark codes should be discussed for 
possible addition by the USEPA to the STORET codes. The detection descriptors to be used in 
data entry to STORET are listed in Table 8. 


 
 


Table 7. STORET-supported laboratory remark codes. 
 


AL Aldol condensation present. Analyte may not be present. 
CNT Non-acceptable colony counts. 
EHT Sample or extract held beyond acceptable holding time. 
FBK Analyte found in blank. Sample contamination indicated. 
FDB Failed. Dry blank not acceptable. 
FDC Failed. Drift check not acceptable. 
FIS Failed. Internal standard not acceptable. 
FLD Failed. Lab duplicate not acceptable. 
FFD Failed. Field duplicate not acceptable. 
FFB Failed. Field blank not acceptable. 
FFS Failed. Field spike not acceptable. 
FFT Failed. Trip blank not acceptable. 
FLC Failed. Linearity check did not meet quality criterion. 
FLS Failed. Lab spike recovery not acceptable. 
FMS Failed. Matrix spike recovery not acceptable. 
FPC Failed. Lab performance check not acceptable. 
FQC Failed. Quality control criteria exceeded during analysis. 
FRS Failed. Internal reference sample not acceptable. 
FSP Failed. Surrogate spike recovery not acceptable. 
FSB Failed. Spiked field blank recovery not acceptable. 
FSL Failed. Spiked lab blank recovery not acceptable. 
INT Interference suspected. Analyte may not be present. 
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ISP Improper sample preservation noted. Analysis performed. 
LIS Lab internal standard(s) added to sample. 
LLS Value less than lower quality control standard. 
PRE Presumptive evidence that analyte is present. 
NJ TIC, Tentatively Identified Compound, result is approximate 
N TIC, Tentatively Identified Compound, presumptive id only 
OUT Result value is defined as an outlier by data owner 
SUS Result value is defined as suspect by data owner 


 
 


Table 8. STORET detection descriptors. 
 


Detected and Quantified 
*Non-detect 
*Present >QL 
*Present <QL 
*Not Reported 
 *Present   


 


 
 


Sample Transfer 
Conduct sample processing per SOP #7. Refrigerate or freeze samples, as required. Conduct in- 
house laboratory work and package samples for sending to contract analytical laboratory. Sample 
preservation and conditions for shipment will differ for each parameter; these needs should be 
discussed ahead of time with the contract laboratory and documented. Fill out the analytical 
request form and chain-of-custody (COC) form provided by the laboratory (examples are 
included in SOP #7). The COC form is used to document the taking, shipment, and receipt of 
samples. The laboratory will use the COC to check samples into the analytical process. Clean all 
transfer bottles and equipment according to SOP #7. Water samples are maintained as close to 
sampling conditions as possible by shipping on ice. Chain-of-custody documentation will be 
maintained. A chain-of-custody includes not only the form, but all references to the sample in  
any form, document, or log book that allow tracing the sample back to its collection, and 
documents the possession of the samples from the time they were collected until the sample 
analytical results are received. 


 
Analytical Methods 


Field equipment and contract laboratories are likely to change during the course of this long-term 
monitoring project. Documentation will be maintained, therefore, as regards each multiprobe and 
contract laboratory’s ability to meet the data quality objectives of this project. Forms for this 
purpose are included in Attachment A. These completed forms for each multiprobe and contract 
laboratory will be maintained along with the maintenance logs for the multiprobe and QAPPs for 
each analytical laboratory. 


 
Field Methods 


One important aspect in the low uncertainty/bias and high precision of a water quality 
monitoring program is the correct selection probes for measuring field variable and their 
subsequent calibration and maintenance. Table 3 lists typical field sensor performance 
specifications that should be expected from monitoring equipment for this protocol. Table 9 
summarizes the ideal calibration frequency and minimum acceptance criteria for these sensor 
probes. The reality of logistical constraints at back country sites may preclude calibration and 
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checks of calibration at the ideal frequency. 
 


Table 9. Ideal calibration frequencies and acceptance criteria for field instruments. 
 
 
 


Parameter USEPA 
Method 


Minimum Calibration Frequency and 
QC checks 


Annually, 2-point check with NIST 


Acceptance 


Criteria Corrective Actions 


Re-test with a different 
Temperature 170.1 thermometer ±1.0 ºC 


Daily, prior to field mobilization; 


thermometer; repeat 
measurement 


Re-test; check low battery 
Specific 
Conductance 
(SC25) 


120.1 


calibration check prior to each round 
of sampling; 10% of the readings taken 
each day must be duplicated or a 
minimum of 1 reading if fewer than 10 
samples are read. 


Daily, prior to field mobilization (two 
buffers should be selected that bracket 
the anticipated pH of the water body to 
be sampled); 


 
Calibration check w/ third buffer prior 


±5% 
 
 


RPD 10% 
 
 
 
 


±0.05 pH unit 


indicator; use a different 
meter; use different 
standards; repeat 
measurement 


 
 
 
 
 


Re-test; check low battery 
indicator; use different 
standards; repeat 


pH 150.1 
 
 
 
 
 
 
 
 
 
 
 
 


Dissolved 


Oxygen 360.1 
 
 
 
 
 


Depth -- 
 
 
 
 
 


Transparency 
tube -- 


 
Marked lines 
(e.g., Secchi, -- 
Van Dorn) 


to each round of sampling; check with 
low ionic strength buffer in addition, if 
conductivity is <50 µS/cm 


 
10% of the readings taken each day 
must be duplicated or a minimum of 1 
reading if fewer than 10 samples are 
read. 


 
 
 


Daily, prior to field mobilization; 
check at the field site if elevation or 
barometric pressure changed since 
calibration 


 
 
 


Daily, prior to field mobilization, 
check at the field site. Check annually 
against commercially purchased brass 
sash chain labeled every 0.5 m to 
ensure that it reads zero at the surface 
and varies <0.3 m for depths <10 m 
and no more than 2% for greater 
depths. 


 
Transparency tubes have a 100 or 120 
cm scale; ensure tube is clean 


Check markings annually against brass 
sash chain. If lines are heated (for 
decontamination) check prior to each 


 
 


±0.1 pH unit 
 
 
 


RPD 10% 
 
 
 
 


0.2 mg/L 
concentration 
or 
±10% 
saturation 


 
 
 
 
 
 


±0.1 m 
 
 
 
 


±1.0 cm for 
transparency 
tube 


 
 


±1%, 0–10 m 
±2%, >10 m 


measurement; don’t move 
cords or cause 
friction/static 


 
 
 
 
 
 


Re-enter altitude; re-test; 
check low battery indicator; 
check membrane for 
wrinkles, tears or air 
bubbles; replace  
membrane; use a different 
meter; repeat measurement; 
allow more time for 
stabilization 


 
 


Retest, check low battery 
indicator; repeat 
measurement; use with 
accurately calibrated line 


 
 
 
 
 
 
 
 


Re-mark line. 
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  round of sampling.   
 
 


Ensure calibration standards are not used beyond expiration dates. Refer to SOP #6 for an 
explanation of each parameter measured, guidelines on potential field measurement problems, 


 
 


and other details on performing calibration checks. Keep the manufacturer’s manual with each 
instrument for aid in troubleshooting. 


 
Used calibration solutions, in general, may be rinsed down a sink with water after consideration 
of the wastewater treatment system available to that sink. Material safety data sheets (MSDS) 
which are sent with manufacturer purchased calibration solutions should be kept on file. These 
documents describe the flammability, toxicity, and other safety hazards of reagents. Some 
reagents may include constituents toxic to aquatic life. These should not be rinsed down a sink in 
any large quantities in primitive areas where the ultimate destination of wastewater is the aquatic 
environment. These reagents should be collected in a leak-proof container that is properly 
marked, and disposed of in an adequate treatment system. 


 
Calibration logs for multi-parameter sondes will be maintained and will document the frequency 
of calibration and calibration checks. Data reporting units will be standardized by using the data 
sheet. Keep calibration and maintenance logs for multiparameter sondes with the sonde during 
the sampling season. Logs will later be archived at the Network office in Ashland, Wisconsin. A 
new log will be started for each field season. 


 
Field Equipment Performance Criteria 


Estimates of the completeness, representativeness, precision, comparability, and systematic error 
of data generated by the use of a multiprobe will be estimated and documented according to this 
SOP. 


 
Data will be considered representative of the lake when procedures detailed in the inland lakes 
protocol narrative and associated SOPs are followed. Actual sampling location and changes due 
to field conditions will be documented on the field forms. Data will be comparable year-to-year 
as objectives and methods chosen are consistent within documented NPS GLKN sampling 
procedures. 


 
Field Data Completeness 


The completeness of data collected, or percentage of intended field measurements that were 
actually made, will be calculated at year’s end according to the formula below. 


 
 # Percent _ completeness =  samples _ collected   ×100  (1) 
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 # samples _ planned  
  


 


Instrument Sensitivity 
Sensitivity of the multiprobe will be documented through an estimation of the limits of detection 
known as alternative measurement sensitivity (AMS). The AMS for each multiprobe will be 
estimated annually, and for any new multiprobes, by taking multiple (at least 7) measurements in 
a field simulation for each parameter. Alternative Measurement Sensitivity (AMS) is a two-sided 
estimation based on the 99% confidence interval for sample size 7. Of interest is the size of the 
difference between two individual values that can be considered to actually be a true difference. 
This calculation differs from the MDL, which is a one-sided true difference from zero. The 
standard deviation will then be calculated and used in the estimation of AMS (3.708 x SD). This 
estimation will be carried out and documentation kept for a new probe and annually thereafter. A 
checklist (Attachment A) will be used for this documentation. Documentation will be kept in the 
project files. 


 
Instrument Precision 
The precision of the multiprobe will be estimated through the use of duplicates. Duplicates will 
be measured each day in the field at a rate of 10% (or 1 per park sampled if fewer than 10 sites 
are sampled). A reading will be considered a duplicate when it is repeated at a particular 
sampling site immediately after it is initially taken. Only the surface reading need be replicated. 
This will reduce the contribution of variability from the variability of the lake itself. Precision 
calculations are made by way of a Relative Percent Difference (RPD). Measurement Quality 
Objective (MQO) for precision: The RPD should be less than or equal to 10%; details and 
corrective actions are listed in Table 10. Calculate precision as follows; 


 
 A − B  


Precision =  (A + B)/ 2 
 ×100 (2) 


  
where A is the first reading and B is the second reading taken immediately after the first. 


 
 
 


Table 10. Frequency, acceptable range, and corrective actions for quality control (QC) samples. 
 


Type of QC 
Sample 


Frequency Acceptable Range for 
MQOs 


 
Minimum of 1 per trip 


Corrective Action 
 


 
Audit field personnel and verify sample 
collection procedure; resample; 


Field Duplicate 
(samples) 


 
 
 
 
 


Field Duplicate 
(multi-probes) 


 
 
 
 


Laboratory 
Control QC 
(bias) 


per parameter or 10% 
of all samples per 
parameter per day 


 
 
 
Minimum of 1 per trip 
per parameter or 10% 
of all samples per 
parameter per day 


 
 
One each per 
analytical batch, 
minimum 1 per 20 


samples All parameters ±15% 
RPD, chlorophyll-a, TSS and nutrients ± 30% 


 
 
 
 
 


All parameters ±10% RPD 
 
 
 
 


All parameters ± 15% RPD 
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reanalyze; 
revise 
SOP; audit 
and train 
field 
personnel; 
project 


manager 
determines 
whether 
associated data is 
usable 


Re-calibrate 


instrument; replace 
batteries; perform 
instrument field check 
with different 
standards; repair or 
replace instrument; 
notify management; 


audit and train field personnel; project 
manager determines whether 


 


 
According to laboratory QAPP, ensure 
re-calibration, re-analysis and 
documentation. 


 
 
 


Instrument Bias 
The systematic error/bias of the multiprobe will be estimated through the use of reference 
solutions. Reference solutions will be measured prior to each round of sampling, in the lab or 
field. The results will be documented and used as a calibration check according to Table 9 as 
well as for a long-term estimate of systematic error/bias. Bias calculations are made by way of a 
Percent Difference (PD). Calculate bias as follows: 
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 Y − X  
Bias =  


 X 
 ×100 
 


(3) 


 


where X is the known (or expected) amount, and Y is the measured concentration. 
 
 
Laboratory 


The ability to use environmental data to reveal long-term trends requires consistent analytical 
methods and detection limits. The NPS recommendation is to use only laboratories with NELAC 
certification or at least certification by the state programs that also use the laboratory. The chosen 
contract laboratories must prove their capability annually through participation in blind quality 
control checks and other methods prescribed by the states in which they receive certification 
and/or federal programs in which they participate. Copies of certifications for each analyte   
and/or method will be kept on file along with Quality Assurance Project Plans (QAPPs) for each 
laboratory contracted for the duration of this monitoring effort. 


 
The method used in calculating method detection limits (MDLs) and method limit of quantitation 
(ML) or laboratory reporting limits (Lt-RL for USGS labs) may differ for each contract 
laboratory. Most laboratories routinely recalculate MDLs, MLs, and QC sample control limits 
using repeated measurement of standard samples or multiple percent recoveries on a quarterly or 
annual basis. The GLKN will request and maintain copies of this information as most recently 
calculated for the relevant analytical methods to assist in the selection of contract laboratories, 
data validation, and AMS calculations. 


 
A checklist to be used in selecting contract laboratories and documenting their compliance with 
GLKN QA/QC expectations is included in Attachment B. 


 
Great Lakes Network staff validating laboratory data for database entry should take care to 
ensure that data are entered in consistent units, as different laboratories may report results in 
different units (mg/L or µg/L) for the same analytes. A checklist to be used in data validation is 
included in Attachment B. 


 
Laboratory Performance Criteria 


Comparability, representativeness, precision, systematic error, and completeness of data 
generated by contract laboratories will be estimated and documented according to this SOP 
during data validation. Table 10 can be used as a guide. Unless otherwise justified (for example, 
to be consistent with State requirements), in no case will Measurement Quality Objectives less 
stringent than the following be accepted: 


• Precision - A maximum of 10% RPD for all lab parameters except chlorophyll-a and 
nutrients, for which the maximum RPD is 30% 


• Bias – A maximum of 15% PD for all parameters, or State credible data defaults, 
whichever is more stringent. 


 
All MQOs will be used as data rejection criteria. 
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The data delivery package must contain QC sample results and an explanation of new STORET 
and NPSTORET compatible laboratory flags. A checklist to be used for documenting this 
procedure is included in Attachment B. 


 
Data generated will be considered representative of the particular site when samples are taken 
according to the sampling protocol for each sampling objective. Actual sampling location and 
changes due to field conditions will be documented on the field forms. Data will be comparable 
year-to-year as objectives and methods chosen are consistent within documented sampling 
procedures. 


 
Laboratory Data Completeness 


The completeness of data analyzed, or the percentage of intended sample measurements that 
were actually made, will be calculated at year’s end according to the formula below. Data points 
may be missed due to site conditions, sample container breakage, or disqualified analyses due to 
control limit exceedances in the laboratory. The reasons for missing data should be documented. 


 
 # Percent _ completeness =  samples _ analyzed   ×100  (4)  # samples _ planned  
  


 
Determining required sample sizes and attendant completeness goals was done in a stepwise 
manner, considering desired statistical power and minimum detectable differences (see 
discussions in the protocol narrative). Should percent completeness ever fall below sample sizes 
needed for MDD and analysis of trends, adaptive changes will be made to ensure it does not 
happen again. 


 
Laboratory Sensitivity 


Measurement sensitivity is estimated in laboratory analysis through the use of signal to noise 
ratios or the standard deviation of repeat measurements of a low level reference standard. The 
method each laboratory uses to calculate MDLs and MLs will be documented using the data 
validation check list. This information will be reviewed during data validation and kept along 
with other QA/QC information for each laboratory. 


 
Laboratory Precision 


Measurement precision and bias are estimated using a number of QC samples during a round of 
sample analysis for each method. A reference standard of a certified known concentration is 
analyzed along with samples at a rate specified by the laboratory’s QA/QC program. The results 
of these samples are reported and the percent difference calculated. Laboratory duplicates of  
field samples are also analyzed. This is a field sample that is split or subject to repeat analysis 
within the laboratory to estimate and control precision repeatability. Relative percent differences 
are calculated for laboratory duplicates. The percent difference and RPD of these QC samples 
should fall within the control limits specified by the laboratory (usually 10% to 20% depending 
on the type of analysis made). 


 
Field duplicates are to be sent to the analytical laboratory at a rate of at least one in every 10 
samples. A field duplicate is a split sample, or at minimum, a sample co-located in time and 
space. The duplicate is usually given a separate sample identity on the sample label and forms, 
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and it is noted on the field form for which sample this is a duplicate. This is a separate check on 
precision and repeatability of the laboratory analysis. The precision measurement is calculated 
using the Relative Percent Difference (RPD) between duplicate sample results per analyte. 
Precision estimates should be performed within seven days of receipt of laboratory results as part 
of data validation. Acceptance criteria and corrective actions are summarized in Table 10. 


 
Laboratory Bias 


Systematic error/bias (formerly referred to as percent recovery) is estimated for each laboratory 
method through the analysis of spiked samples and/or certified reference materials. Spiked 
sample analyses are conducted by the contract laboratory to ensure the reported data are 
accurate, or compare favorably to the true values. A spiked sample consists of a sample with a 
known concentration of analyte added before any sample preparation procedures are carried out. 
Sample and spiked sample are analyzed using normal procedures and the percent spike 
difference is calculated. Percent difference is calculated as bias (equation 3, above). 


 
Other sources of systematic error in monitoring programs include sample cross contamination 
from field sampling equipment used to handle a multiple number of samples. Equipment blanks 
are used to estimate whether systematic error is added to sample data during sample handling. 
The integrated sampler is to be rinsed in the field three times at each site prior to taking samples. 
Compositing jugs that are not site-dedicated may also be a source of cross contamination. Collect 
an equipment blank periodically, as follows: 


1. In between sample sites, rinse the equipment used to transfer water samples (integrating 
sampler or compositing jug) with laboratory reagent grade water three times and discard. 


2. Rinse with a fourth aliquot and save this aliquot to lab bottles as if it were a lake sample 
to be analyzed. 


 
This sample is labeled equipment blank and information kept on a datasheet describing the  
source of the blank. Results for all parameters should be non-detect. This type of blank is a check 
for cross contamination between sampling sites and control for bias introduced by cross 
contamination. 


 
The laboratory QAPP should define control limits to be used during analysis of samples. If the 
analysis QC samples are not meeting the control limits, the analysis is usually repeated after re- 
calibration. This protocol should be documented in the lab’s QAPP. During data validation 
GLKN will ensure that the laboratory performance meets the precision and bias MQOs tabulated 
in Table 10. 


 
Changing Methods and Documenting Cumulative Bias 


When a field method is changed, the cumulative bias, or change in sampling results due to the 
method change alone, should be estimated. Cumulative bias can become significant over time 
even though changes in methods are small. When change occurs due to a scheduled change in 
staff, both the new staff member and old staff member should perform side-by-side field 
measurements several times (minimum of seven) during training when possible. The results for 
both will be compared as below. 


 
When purchasing a new probe, it should be used for a minimum of seven measurements side-by- 
side with the existing probe when possible. 
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When a change in laboratory methods is made by the laboratory, the laboratory will be 
responsible for estimating any bias introduced by the change. When a laboratory contract is 
changed to a different laboratory, a minimum of seven samples will be split for analysis in both 
labs. Data from these comparisons will be used to calculate a percent difference (PD) and 
fraction of change: 


 
 


 new − old  
PD =  


 old 
 ×100 
 


(5) 


 
 old  


Fraction  of   change =   (6) 
 new  


 


where old = data from the older or original method and new = data from the new or replacement 
method. Ideally, the average PD (two-sided 95% t-distribution confidence interval) will be 
within 20% of the mean of the old or the new method measurements. If this is not the case, the 
number of overlapping measures should be increased until this criterion is met (Irwin 2006). 
New values can then be normalized to the old method value by multiplying them by the fraction 
of change. 


 
Any bias should be stated clearly and documented. Documentation will be stored within each 
site file and should also include: 


• all raw data pairs for future use 
• standard deviation 
• the MDL or AMS of the method 
• number of paired samples 
• 95% t-distribution confidence interval for the measurement difference 
• dates between which overlapping measurements were made 
• date documentation calculation was made 


 
These comparison of methods will be carried out, when possible, in order to document any bias 
that is introduced into the long-term data by a change in methodology and not in the actual 
environment. Due to the logistical realities imposed by sampling in remote locations and the 
reality of equipment loss or damage and abrupt changes in staff, this type of comparison may not 
always be possible. 


 
Instrument Calibration Frequency, Inspection, and 
Maintenance 


Instruments used in field measurement or laboratory analysis often require frequent inspection 
and maintenance to ensure they are in good working order. Calibration frequencies differ by 
instrument and should be spelled out in SOPs for both field and laboratory work to ensure 
consistency. 
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Field Instruments 
Each instrument must have a logbook. The calibration schedule must be observed, using fresh 
calibration standards. Calibration solutions may be disposed of by rinsing down the work space 
sink if the contents do not include constituents which would harm the pipes or aquatic life on the 
receiving end of the available wastewater treatment (see relevant MSDS sheets). Calibration 
checks must be documented. 


 
When sensor probes are to be stored for extended periods of time, thoroughly clean sensors, 
remove batteries, and store sonde according to specific instructions in SOP #11 and 
manufacturer’s manual. Store calibration standards and electrolyte solutions in a temperature- 
controlled environment. 


 
Laboratory Instruments 


Instrument calibration and verification is performed at least once a day for each analytical 
method prior to the analysis of samples. Each laboratory specifies its own procedure, which 
should include multiple point calibrations plus a blank, continuing calibration verification, and 
final calibration verification at the end of an analytical run. Each laboratory should define the 
procedures in a QAPP. Review of these procedures will be documented using the laboratory 
checklist in Attachment B. 


 
Inspection and Acceptance of Supplies and 
Consumables 


Monitoring water quality requires many pieces of equipment and a large amount of supplies. 
Table 11 lists the SOPs that include checklists of supplies and equipment. When new equipment 
is received or equipment is returned after repair, inspect it for flaws and test it to ensure proper 
functioning. When supplies are received, inspect them to ensure containers are properly sealed. 
Ensure reagent containers are dated upon receipt and upon opening. Commercially purchased 
calibration standards come with an expiration date that must be observed. 


 
 


Table 11. Checklists of equipment and supplies for monitoring water quality of inland lakes. 
 


Checklist Location 
Safety equipment and supplies  SOP #2 
Decontamination equipment and supplies    SOP #5 
Field equipment and supplies                              SOP #6 
Laboratory equipment and supplies SOP #7   


 


Records Management 


All records must be kept, from field activity through sample results. Required metadata will be 
complete. Table 12 summarizes the QA/QC procedures related to data management. For more 
details on the Great Lakes Network’s overall strategy for metadata generation, management, and 
distribution see chapter 8, Data Documentation, of GLKN’s Data Management Plan (Hart and 
Gafvert 2005) and the appendices of that document. 
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Table 12. Summary of QA/QC procedures pertaining to data management. 
 
 


Procedure Description 
 


Instrument calibration logs Each instrument must have a logbook. 


Field forms are the only written record of field measurements. 
Field forms Place copies in site binders and keep originals on file 


indefinitely. 
 
 
 


Estimating precision 


The precision measurement is calculated using the Relative 
Percent Difference (RPD) between duplicate sample results per 
analyte. Precision estimates should be performed within 7 days 
of receipt of laboratory results. 


 
 


Electronic data entry 
Approximately 10% of electronic data entries should be spot 
checked for errors on a random basis. If errors are found, 
another 10% are spot checked. 


 
 


Data archiving 
Sampling data and associated records are archived in boxes 
and stored at the GLKN Ashland office. Boxes are numbered 
consecutively by year, project, and station number. 


 


Data validation Data validation is the process that determines whether quality 
control objectives for data collection were met. 


 


 
Data validation reports 


Data validation reports provide a narrative that discusses any 
deviations from QA/QC procedures and the impacts of those 
deviations. 


 


Data verification Data verification demonstrates that a data set will qualify as 
credible data. 


 
Data verification reports Data verification reports document the results of the data 


verification procedure. 


Data qualification codes Data must be fully qualified before uploading to the Water 
  Resources Division’s NPSTORET   


 
Data will be archived according to SOP #8 (Data Entry and Management) for digital data, paper 
copies, and field forms. Field forms are maintained indefinitely. Brief characterizations of the 
data from each NPS unit that was sampled and the Network as a whole will be performed each 
year, after all QA/QC procedures have been completed. For each station sampled, these 
descriptive statistics will include mean, median, maximum and minimum values, skew, kurtosis, 
and measures of variability (e.g., CV, standard error, variance) for each water quality variable. 
Understanding of landscape-scale dynamics will be provided by analyses of variability among 
stations within the domain of interest (e.g., park unit), following one of several approaches 
described in SOP #9, Data Analysis. 
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A ‘Memo-to-file’ will be used to document any decisions or corrections that are made. This 
memo will include the date, name of author, site or sample referred to, a description of the 
problem or error and a statement describing the decision made or action taken. The memo will be 
archived with the appropriate site data and files. 


 
Assessment and Oversight 


It is the project manager’s responsibility to make sure each component of this and other SOPs are 
followed. 


 
Corrective Responsive Actions 


The project manager, in consultation with experienced professionals, will be responsible for 
taking corrective responsive action in the case in which QA/QC is not followed or in the case of 
an unexpected event. Responsive action is often needed in the event of broken sample bottles, 
missing data, errors on field sheets, changes due to field conditions, problematic analyses, and 
other events that do not fall within the standard operating procedures. A “Memo-to-file” will be 
used to document any decisions or corrections that are made. This memo will include the date, 
name of author, site or sample referred to, a description of the problem or error and a statement 
describing the decision made or action taken. The memo will be archived with the appropriate 
site data and files. 


 
Reports to Management 


Routine data summaries will occur annually for lakes sampled within that year, and annual 
summary reports will be produced, with the primary audience being the parks. These reports will 
be provided to parks and partners as soon as possible following the sampling season. 


 
More comprehensive analyses of trends will occur for most parameters after three or more years 
of sampling. For stations that are located where no previous monitoring has occurred, this period 
of time tends to be the minimum needed to establish a time series sufficiently powerful to detect 
meaningful levels of change (e.g., 20%) through time. The target audience of the analysis and 
synthesis reports will be the parks, the Network, both regional and Servicewide I&M, and the 
broader scientific community. Drafts will be reviewed internally and sent to the parks, and 
possibly outside sources, for further review. The extent of review will depend on how 
analytically complicated the methods are and the gravity of inference and recommendations. 


 
Data Validation and Usability 


Data validation is the method in which data are proven or disproved to be accurate. This process 
involves the review of the results of all measurements, samples, and QC samples. Field data 
sheets and laboratory data are reviewed for transcription errors, completeness, verification of 
calibration and quality control check samples or standards. 


 
A checklist for use in data validation is presented in Attachment B. Data are validated by 
comparing the actual estimates for MDL and ML, precision, bias/uncertainty for each analytical 
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run to the expected quality of results. Once this information is documented, the decision is made by 
the project manager on the usability of the data. Data may be flagged as between MDL and ML and 
therefore highly uncertain (J). Data may be flagged (B) if the analyte was detected in the blank at a 
concentration similar to that in the sample (laboratory flagging rules may differ slightly). These 
types of flagged data contain much more uncertainty than unflagged data. The decision must be 
made whether or not to add them to the database or merely maintain them in files for future 
reference. Some investigation into the sampling method or laboratory method  may be needed if ‘B’ 
flagged data are a continual occurrence or if the required MLs are repeatedly unmet. 


 
NPSTORET itself includes some form-based QA/QC tests on data entry. The system does not 
allow entry of results below the ML but will flag the data as “present, not quantified”. The project 
manager, in consultation with other NPS or outside experts, will flag data when they fall outside of 
expected limits. Laboratory results below detection limits (ND) will be kept in the archives as 
‘ND’ and will be handled statistically according to recent literature (e.g., Helsel 2005) in summary 
and analysis reports. 


 
Reconciliation with Data Quality Objectives 


Once data validation is complete, the project manager then calculates percent completeness, 
compares the results to the data quality objectives, and determines whether or not the data meet the 
objectives for both the field and laboratory components of the project. 


Attachment A 
 


Check Lists for: 
Analytical Methods 
Selection of Multiprobe 
Selection of Laboratory 


Multiprobe Checklist 
 


Probe     
Serial Number   
Manufacturer’s Stated Limits 


Purchased    
Location used     


 
Sensor Range Reporting 


Resolution Bias Stabilization Criteria 


Temperature 
    


Sp. Cond. (SC25)     
pH     


DO (Conc.)     


DO (% sat.)     


Depth – Z 
(pressure sensor) 
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Alternative measurement sensitivity by multiple field readings 
Location     
Date    


Performed by    
Began calibration log    


 
Sensor 1 2 3 4 5 6 7 


Temperature 
       


Specific 
Conductivity 
(SC25) 


       


pH 
(sensor units) 


       


DO (Conc.)        


DO (% sat.)        


Depth – Z 
(pressure sensor) 
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Calculations 
For each parameter calculate the standard deviation of the 7 readings. 


 
Sensor Standard 


deviation 
AMS 


3.708x sd 
  


Temperature 
    


Specific 
Conductivity 
(SC25) 


    


pH 
(sensor units) 


    


DO (Conc.)     


DO (% sat.)     


Depth – Z 
(pressure sensor) 


    


 
 


Alternate Measurement Sensitivity is a two-sided estimation based on the 99% confidence interval for 
sample size 7. Of interest is the size of the difference between two individual values that can be 
considered to actually be a true difference. The MDL is a one-sided true difference from zero. 
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Contract Laboratory Checklist 
 
 


Laboratory 
Address 


 
 


Contact person 
 
 


  Received QAPP 
  Received copy of certifications 
  Received a list of analytical methods used 
  Define the limits of detection and limit of quantitation calculation method 


(can lab report as MDL and ML if currently calculated as LOD and LOQ?) 
 
 


  Received a copy of latest MDL/ML/control limits calculations for relevant methods 
  MDL/ML as listed meet project needs 


(list any analyte for which the ML requirement is not met – discuss options with lab) 
 
 
 


  Received successful interlaboratory participation documentation 
  Sample handling log in and COC are documented in the QAPP 
  Equipment maintenance and calibration procedures are documented in the QAPP 
  Internal QA/QC documented in QAPP 


 
Control limits calculations are made by what method 


(QC includes blanks, duplicates, spikes, reference standards and LCS) 
 
 


Calibration curves cover level of analytical interest 
(QC includes ICV and ICB, and CCV and CCB) 


Reporting data flags used include 


 


 
 
 


Attach all copies 
 


Reviewed by    Date    
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Attachment B 
 


Checklists for data validation 
Field Measurement Validation Checklist 


(one sheet per Park sampled) 
 
 


Sampling Unit    
 


Date Sampled    
 


Date Reviewed    
 


Reviewed by    
 
 
 


   All field forms have been received (data sheet, flow, etc.) 
 


   Multiprobe was calibrated correctly 
 


   Multiprobe post-calibration checks were successful 
 


   Field duplicates were within range 
 


   Multiprobe end of use calibration checks were successful 
 


   There were no obvious trends in data taken from any sensor during the sampling 
day 


 


   Equipment blanks sent to lab included 


 







 


Laboratory Data Validation Checklist 
 
 


Sample set from     
Date taken     
Received data     
Reviewed by     
Review date        


 


  Samples received by lab at proper temperature (look at COC copy from lab) 
  Holding time limits met 
  Analytical methods used in analyses were those agreed upon 
  Useable MDL and ML achieved in this analytical run 
  Calibration procedures were followed 


 
QC samples control limits applicable to this analytical batch 


Lab blank    
Lab dup      
Lab LCS      
Lab spikes     
Field dup      
Eq blank      
CCVs     


 


QC samples within range expected 
Lab blank              
Lab dup              
Lab LCS              
Lab spikes           
Field dup      
Eq blank      
CCVs    


 


Lab notes or flags 
 
 
 
 
 
 


Samples rejected 
 
 
 
 
 
 
 
 


Signature of Reviewer 
 
 
 
 
 
 


 







 


 


Standard Operating Procedure #16: 
Zooplankton Collection 


 
 
The objective is to sample a sufficient volume of water to obtain at least 300 organisms per sample 
from all but the most oligotrophic lakes. 
 
Summary of Method 
 
Collect two vertical samples using a fine mesh (50 μm) and coarse mesh (150 μm) Wisconsin nets 
with collection bucket attached at the cod end. Each net is slowly lowered over the side of the boat 
into the water. The net is retrieved back to the surface at a slow, steady rate. Lift the net out of the 
water; rinse it from the outside to free organisms from the side of the net, and to concentrate them in 
the collection bucket. Transfer the sample from the bucket to a 125 mL sample container. Narcotize 
the organisms with carbon dioxide and preserve each sample with 95% ethanol. You will repeat the 
procedure with the other net on the opposite side (or end) of the boat. The cumulative tow length for 
each net is 5m. In shallow lakes, multiple tows with each net are required to achieve the cumulative 
tow length.  
 
Method 
1. Determine and record the number of tows required to achieve the standard cumulative 5 m tow 
on the Index Sample Collection form. 
a. For lakes deeper than 7 m, you will take a 5 m tow. 
b. For lakes with a depth less than 7 m, you will determine and record the number of tows 
Fine mesh net 
(50 μm) 
Coarse mesh net 
(150 μm) 
Removable 
Buckets 
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that will be required to achieve a standard cumulative 5 m tow. For example, if the lake 
is 6 meters deep, you will take two 2.5 m tows. 
Depth of lake (m) Depth of Tow Number of Tows 
7 5 m 1 
6 2.5 m 2 
5 2.5 m 2 
4 2.5 m 2 
3 1 m 5 
2 1 m 5 
1 - 2 0.5 m 10 
c. The zooplankton collection methods vary slightly depending on the number of tows 
required to achieve a standard cumulative 5 m tow. 
i. If the number of tows = 1: follow steps 2 through 14 described below. 
ii. If the number of tows ≥ 2: follow steps 2 through 13 described below. After step 
 







 


13, you will pour the contents of the collection bucket into a clean (i.e., DI 
rinsed) 1-gallon pail. While taking care not to tip the zooplankton sample in the 
pail, you will repeat steps 2 through 13 for the second tow. Add the contents of 
the collection bucket from the second tow to the pail. You will continue to take 
zooplankton tows and add samples from the collection bucket into the pail until 
you reach your target number of tows (2, 5, or 10). Pour the contents of the pail 
into the collection bucket to filter out some of the excess water. Rinse the 
bucket with DI water and pour the contents of this rinse into the collection 
bucket with the zooplankton sample. Once the zooplankton sample has been 
filtered down to an appropriate volume in the collection bucket, you will 
continue on to step 14. 
2. Prior to each use, carefully clean and thoroughly rinse the interior of the plankton nets and 
buckets with DI water. 
3. Carefully inspect the nets and buckets for holes or tears. 
4. Attach the collection buckets to the “cod” end of the nets and secure. Make sure you attached 
the correct bucket to the correct net (i.e., the mesh sizes match). 
5. Attach the bridled end of the plankton net to a 0.25” calibrated line with markings every 0.5 m 
(you can use the line for the Secchi disk). 
6. Carefully and slowly lower the first net in a constant upright position over the side of the boat. 
7. Continue lowering the net to the correct depth (remember to account for the length of the 
bridle). If more than one tow is needed, be sure to take additional tows from different locations 
around the boat. 
8. Retrieve the net by pulling back to the surface at a steady rate (0.3 m or 1 ft/s) without 
stopping. 
9. Once at the surface, slowly dip the net up and down in the water without submersing the net 
mouth to rinse contents into the collection bucket. 
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10. Complete the rinsing of the net contents by spraying lake water against the outside of the net 
with a squirt bottle or similar tool. Be careful not to splash or squirt lake water into the net 
mouth, or additional organisms may be collected. 
11. If additional rinsing is needed on the interior of the net, use a squirt bottle with DI water only to 
avoid introducing additional organisms. 
12. Once all organisms have been rinsed into the collection bucket, hold the collection bucket in a 
vertical position, and carefully remove the bucket from the net. 
13. Concentrate the contents of the collection bucket by swirling the collection bucket without 
spilling the contents. Excess lake water will filter out of the bucket from the screened sides. 
14. Repeat steps 5-13 with the second net on the opposite side (or end) of the boat. 
5.5.1.3.2 Sample Processing 
1. Set the collection bucket in a pail filled half full with lake water to which 2 CO2 (alka-seltzer) 
tablets have been added. Ensure that the organisms in the collection bucket are submerged in 
the water, but be careful not to submerge the top of the collection bucket, or sample loss will 
occur. The CO2 narcotizes the zooplankton to relax their external structure prior to preservation 
in 95% ethanol. This facilitates taxonomic identification. Wait until zooplankton movement has 
stopped (usually about 1 min). 
2. Check the sample label on the bottle to verify which sample has been collected (coarse or fine 
mesh). Record the sample ID number and check that it is preserved on the form. 
3. Use small volumes of DI water from a squirt bottle to rinse the contents of the mesh net 
 







 


collection bucket into the 125 mL polyethylene bottle. Rinse the collection bucket with DI water 
three to four times or until the majority of zooplankton have been removed without allowing 
the bottle to fill more than half full (~60-70 mL of sample and rinse water combined). After the 
zooplankton has been transferred and the sample bottle is half full with sample and rinsate, fill 
the bottle to the shoulder with 95% ethanol. Use a funnel if necessary. 
4. In some cases, the volume of zooplankton collected in the collection bucket may exceed 125 mL. 
Do not try to force the entire sample into a single bottle, or the preservative will not function 
properly and the sample may be lost. In such cases, fill the first bottle half full, and then use a 
second bottle to preserve the additional amount of sample. Use an “extra jar” label (i.e., one 
with no sample number printed on it). Complete the label, and print in the sample number 
assigned to the first container on the label of the second container. On the form, record a “2” in 
the “No. Jars” field. 
5. Record the sample ID number and check on the form that it is preserved. 
6. Verify that all information on the labels and the form is complete and correctly recorded. 
7. Repeat steps 1-6 for the second sample collected. 
Equipment and Supplies 


• SOEI Lake Zooplankton Sample Collection Data Sheet  
• Depth Finder (hand-held or boat mounted sonar) 
• Measured rope (30 m, marked in 0.5 m intervals) 
• Plankton Net (50 μm) and collection bucket 
• Plankton Net (150 μm) and collection bucket 
• Funnel 
• Squirt Bottle (1 L Nalgene) – de-ionized water (DI) 
• Squirt Bottle (1 L Nalgene) – lake water (DI) 
• CO2 (Alka seltzer) tablets 
• Pail (narcotization chamber) 
• HDPE bottle (125 mL, white, wide-mouth) 
• Ethanol (95%) 
• Wet ice 
• Cooler 


 
QA/QC (Should I call the re-sampling QA/QC (do we even need to re-sample?))  
 
Re-sampling 
At resample site lakes, collect additional zooplankton samples following the method described 
above and detailed in SOP #    (different net design, mesh sized, and cumulative tow length). 
Results from this set of samples will be compared to previous zooplankton samples and potentially 
serves as a means to calibrate the 2012 and 2007 results.  Do we need this? 
 
Method 
Collect two vertical samples using the fine mesh (80 μm) and coarse mesh (243 μm) Wisconsin 
nets. The sampling procedure differs for these samples compared to those described above, in that a 
single tow is taken of the entire index site water column, for both the 80 μm and 243μm nets. Nets 
are lowered to within 0.5 m of the bottom and then pulled vertically. Additionally, when the depth 
of the index site is less than 2 m and the Secchi disk can be seen at the bottom, a second tow is 
made and the samples combined (cumulative tow length equals 3 m or less). 
Type Item Quantity 


 







 


1. Record the Site ID and date on the sample label. Record the length of tow (normally calculated 
by subtracting 0.5 m from the water depth) on the form. 
2. Prior to each use, carefully clean and thoroughly rinse the interior of the plankton nets and 
buckets with DI water. 
3. Carefully inspect the nets and buckets for holes or tears. 
4. Attach the collection buckets to the “cod” end of the nets and secure. Make sure that the mesh 
sizes of the net and bucket match. 
5. Attach the bridled end of the plankton net to a 0.25 inch calibrated line with markings every 0.5 
m (you can use the line for the Secchi disk, if necessary). 
6. Carefully and slowly lower the first net in a constant upright position over the side of the boat. 
7. Continue lowering the net until the mouth of the net is 0.5 meters above the lake bottom 
(remember to account for the length of the bridle). If the depth is < 2 m and the Secchi disk 
could be seen at the bottom, a second tow is made and the samples combined (cumulative tow 
length = 3 m or less). 
8. Retrieve the net by pulling back to the surface at a steady constant rate without stopping (0.3 m 
or 1 ft per second). 
9. Once at the surface, slowly dip the net up and down in the water without submersing the net 
mouth and help rinse contents into the collection bucket. 
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10. Complete the rinsing of the net contents by spraying water against the outside of the net with a 
squirt bottle or similar tool. Be careful not to splash or squirt lake water into the net mouth, or 
additional organisms may be collected. 
11. If additional rinsing is needed on the interior of the net, use a squirt bottle with DI water only to 
avoid introducing additional organisms. 
12. Once all organisms have been rinsed into the collection bucket, hold the collection bucket in a 
vertical position. 
13. Concentrate the contents of the collection bucket by swirling the bucket without spilling the 
contents. Excess lake water will filter out of the bucket from the screened sides. 
14. Repeat steps 5-13 with the second net on the opposite side (or end) of the boat. 
15. Follow the sample processing procedure outlined in section 5.5.1.3.2. 
Equipment and Supplies 


• SOEI Lake Zooplankton Sample Collection Data Sheet  
• Depth Finder (hand-held or boat mounted sonar) 
• Measured rope (30 m, marked in 0.5 m intervals) 
• Plankton Net (80 μm) and collection bucket 
• Plankton Net (243 μm) and collection bucket 
• Funnel 


 
 


• Squirt Bottle (1 L Nalgene) – de-ionized water (DI) 
• Squirt Bottle (1 L Nalgene) – lake water (DI) 
• CO2 (Alka seltzer) tablets 
• Pail (narcotization chamber) 
• HDPE bottle (125 mL, white, wide-mouth) 
• Ethanol (95%) 


 







 


• Wet ice 
• Cooler 
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Official Waterbody Name Local Waterbody Name Counties Water Type WATERS ID WBIC Segment Start Mile End Mile Length/Size Measurement UnitDNR Category Date Listed Source Category Pollutant Impairment Indicator Status TMDL Priority Listing Detail


Allen Creek Allen Creek Dane,Green,Rock RIVER 5542005 883700 6 22.96 26.98 4.02 MILES Category 5A 4/1/2016 PS/NPS Total Phosphorus Degraded Biological Community Proposed for List Medium TMDL Needed (5A)


Sugar River Sugar River Dane,Green RIVER 13651 875300 1 10.99 56.14 45.15 MILES Category 5P 4/1/2014 PS/NPS Total Phosphorus Impairment Unknown 303d Listed Medium Phosphorus Listed (5P)


West Branch Sugar River West Branch Sugar River Dane RIVER 13658 886100 1 0 7.64 7.64 MILES Category 5P 4/1/2012 NPS Total Phosphorus Impairment Unknown 303d Listed Medium Phosphorus Listed (5P)


3 RIVERS 56.81 MILES


Official Waterbody Name Local Waterbody Name Counties Water Type WATERS ID WBIC Segment Start Mile End Mile Length/Size Measurement UnitDNR Category Date Listed Source Category Pollutant Impairment Indicator Status TMDL Priority Listing Detail


Burgy Creek Burgy Creek Green RIVER 13638 880500 1 0 10.99 10.99 MILES Category 4A 4/1/2004 NPS Sediment/Total Suspended Solids Elevated Water Temperature TMDL Approved Not Applicable TMDL approved by EPA in 2005 (4A)


Center Br Hefty Creek Hefty Creek, Center Branch Green RIVER 13643 882200 1 0 5.24 5.24 MILES Category 5A 4/1/2014 NPS Sediment/Total Suspended Solids Degraded Habitat 303d Listed Low TMDL Needed (5A)


Decatur Lake Decatur Lake Green IMPOUNDMENT 4701075 879400 1 109.24 ACRES Category 5P 4/1/2014 NPS Total Phosphorus Impairment Unknown 303d Listed Medium Phosphorus Listed (5P)


Elmer School Br Elmer School Branch Green RIVER 18527 880600 1 0 4 4 MILES Category 5A 4/1/2014 PS/NPS Sediment/Total Suspended Solids Degraded Habitat 303d Listed Low TMDL Needed (5A)


Juda Br Juda Branch Green RIVER 13614 877500 1 0 4.43 4.43 MILES Category 5A 4/1/2016 PS/NPS Total Phosphorus Impairment Unknown Proposed for List Medium Phosphorus Listed (5P)


Juda Br Juda Branch Green RIVER 13614 877500 1 0 4.43 4.43 MILES Category 5A 4/1/2016 Habitat/Physical Sediment/Total Suspended Solids Degraded Habitat Proposed for List Medium TMDL Needed (5A)


Legler School Br Legler School Branch Green RIVER 13646 882900 1 0.01 5.5 5.49 MILES Category 4A 4/1/1998 NPS Sediment/Total Suspended Solids Degraded Habitat TMDL Approved Not Applicable TMDL approved by EPA in 2005 (4A)


Little Sugar River Little Sugar River Green RIVER 13633 880100 1 0 19 19 MILES Category 5P 4/1/2012 NPS Total Phosphorus Impairment Unknown 303d Listed Medium Phosphorus Listed (5P)


SUGAR RIVER WATERSHED IMPAIRED WATERS LISTING 1998 - 2016
1


Little Sugar River Little Sugar River Green RIVER 13633 880100 1 0 19 19 MILES Category 5P 4/1/2012 NPS Total Phosphorus Impairment Unknown 303d Listed Medium Phosphorus Listed (5P)


North Fork Juda Br N. Fork Juda Branch Green RIVER 13615 877700 1 0 3.8 3.8 MILES Category 5A 4/1/1998 PS/NPS Total Phosphorus Low DO, Degraded Biological Community 303d Listed Medium TMDL Needed (5A)


North Fork Juda Br N. Fork Juda Branch Green RIVER 13615 877700 1 0 3.8 3.8 MILES Category 5A 4/1/1998 PS/NPS BOD Low DO 303d Listed Low TMDL Needed (5A)


Ok Creek Ok Creek Green RIVER 13611 877200 1 0 6.82 6.82 MILES Category 5A 4/1/2016 PS/NPS Total Phosphorus Degraded Biological Community Proposed for List Low TMDL Needed (5A)


Ok Creek Ok Creek Green RIVER 13611 877200 1 0 6.82 6.82 MILES Category 5A 4/1/2016 PS/NPS Sediment/Total Suspended Solids Degraded Habitat Proposed for List Low TMDL Needed (5A)


Riley School Br Riley School Branch Green RIVER 18519 877600 1 0 4 4 MILES Category 5A 4/1/2016 NPS Total Phosphorus Degraded Biological Community Proposed for List Medium TMDL Needed (5A)


Riley School Br Riley School Branch Green RIVER 18519 877600 1 0 4 4 MILES Category 5A 4/1/2016 NPS Sediment/Total Suspended Solids Degraded Habitat Proposed for List Medium TMDL Needed (5A)


Searles Creek Searles Creek Green RIVER 13618 879500 1 0 10.33 10.33 MILES Category 4A 4/1/1998 NPS Sediment/Total Suspended Solids Degraded Habitat TMDL Approved Not Applicable TMDL approved by EPA in 2005 (4A)


Silver School Br Silver School Branch Green RIVER 13637 880400 1 0 6.14 6.14 MILES Category 4A 4/1/1998 NPS Sediment/Total Suspended Solids Degraded Habitat TMDL Approved Not Applicable TMDL approved by EPA in 2005 (4A)


South Branch Hefty Creek Hefty Creek, South Branch Green RIVER 13642 882000 1 0 3.3 3.3 MILES Category 5A 4/1/2014 NPS Sediment/Total Suspended Solids Degraded Habitat 303d Listed Low TMDL Needed (5A)


Spring Creek Spring Creek Green RIVER 13609 877000 1 0 10.31 10.31 MILES Category 4A 4/1/1998 NPS Sediment/Total Suspended Solids Degraded Habitat TMDL Approved Not Applicable TMDL approved by EPA in 2005 (4A)


Sugar River -East Channel Sugar River East Channel Green RIVER 5476700 878400 1 0 3.19 3.19 MILES Category 5P 4/1/2016 PS/NPS Total Phosphorus Impairment Unknown Proposed for List Medium Phosphorus Listed (5P)


Unnamed Unnamed Trib to Burgy Cr Green RIVER 4000228 881000 1 0 3.82 3.82 MILES Category 5A 4/1/2014 NPS Sediment/Total Suspended Solids Degraded Habitat 303d Listed Low TMDL Needed (5A)


West Branch Little Sugar River Little Sugar River, West Branch Green RIVER 13639 881400 1 0 6 6 MILES Category 5A 4/1/2014 NPS Sediment/Total Suspended Solids Degraded Habitat 303d Listed Low TMDL Needed (5A)


20 RIVERS 125.91 MILES


1 IMPOUNDMENT 109.24 ACRES


Official Waterbody Name Local Waterbody Name Counties Water Type WATERS ID WBIC Segment Start Mile End Mile Length/Size Measurement UnitDNR Category Date Listed Source Category Pollutant Impairment Indicator Status TMDL Priority Listing DetailOfficial Waterbody Name Local Waterbody Name Counties Water Type WATERS ID WBIC Segment Start Mile End Mile Length/Size Measurement UnitDNR Category Date Listed Source Category Pollutant Impairment Indicator Status TMDL Priority Listing Detail


Allen Creek Allen Creek Rock RIVER 13626 883700 5 20.22 22.96 2.74 MILES Category 5A 4/1/2016 PS/NPS Total Phosphorus Degraded Biological Community Proposed for List Medium TMDL Needed (5A)


Allen Creek Allen Creek Rock RIVER 13625 883700 4 15 20.21 5.21 MILES Category 5A 4/1/2016 PS/NPS Unknown Pollutant Degraded Biological Community Proposed for List Low TMDL Needed (5A)


Sugar River Sugar River Rock RIVER 1855695 875300 5 0 10.99 10.99 MILES Category 5P 4/1/2012 NPS Total Phosphorus Impairment Unknown 303d Listed Low Phosphorus Listed (5P)


Swan Creek Swan Creek Rock RIVER 13608 876700 1 0 5 5 MILES Category 5P 4/1/2016 PS/NPS Total Phosphorus Impairment Unknown Proposed for List Medium Phosphorus Listed (5P)


Taylor Creek Taylor Creek Rock RIVER 13605 876300 1 0 6.06 6.06 MILES Category 5P 4/1/2016 PS/NPS Total Phosphorus Impairment Unknown Proposed for List Medium Phosphorus Listed (5P)


5 RIVERS 30 MILES


28 TOTAL RIVERS 212.72


1 IMPOUNDMENT 109.24


TOTAL MILES


TOTAL ACRES


1 
Data adapted from the Wisconsin Department of Natural Resources Impaired Waters Listings website: http://dnr.wi.gov/topic/impairedwaters/   
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November 24, 2015 


    


Aaron Larson 


Wisconsin Department of Natural Resources 


Water Evaluation Section (WY/3) 


P.O. Box 7921 


Madison, WI 53707 


DNRImpairedWaters@wisconsin.gov  


 


Re Public Comment regarding 2016 Impaired Waters List Updates  


 


Dear Mr. Larson, 


 


On behalf of the Lower Sugar River Watershed Association (LSRWA) Board of Directors 


and members, I want to thank you for the opportunity to provide the following 


comments regarding the recent release of the 2016 listing of the Clean Waters Act 


Section 303(d) impaired waters for Wisconsin (WDNR 2015).   


Of those new waterbodies, twelve stream listings are located in the Sugar River Basin in 


south-central Wisconsin.  This brings the total listing of impaired waterbodies in our 


basin since 1998 to 28 named tributaries or Sugar River mainstem reaches, and one 


impoundment located on the Sugar River mainstem.  By unit measure, these listings 


represent approximately 213 total river miles and 109 acres of impounded waters.  We 


attach a table of these listings organized by county, which we have adapted from the 


information provided by the WDNR.   


We understand that every two years Section 303(d) of the CWA requires states to 


publish a list of waterbodies that do not meet water quality standards and why.  The 


majority of those listed in 2016 either exceed total phosphorus criteria or have poor 


biological condition.   Over time, streams improved through implementation of Total 


Maximum Daily Load (TMDL) limits, watershed plans and other projects are proposed 


for delisting.  Currently, none of the waterbodies listed in the Sugar River Basin have 


been proposed for delisting, and only five of the 29 waterbodies have an approved 


TMDLs, with the potential for positively impacting 43 miles or 20% of the approximately 


213 miles of impaired stream reaches.  


In keeping with the State’s new prioritization goal (WDNR and WQ/WMB 2015), the 


LSRWA is eager to contribute as a partner in advancing the next steps of the Impaired 


Waters process, which we understand may involve developing a TMDL for each water  







Publ ic  Comment –  2016 Impai red Waters  pg .  2  November 24 ,  2015 


 


We all have a stake in clean water! 


17921 Smith Road   |   PO Box 256   |   Brodhead, WI 53520-0256   |   608.897.8641  |   info@lsrwa.org   |   www.lsrwa.org 


body and undertaking watershed planning and implementation for these waterbodies to remove them from 


the list over time.  It is also our understanding that, due to limited resources, initiating this process across 


the various geographies of the state requires prioritization based on a number of criteria, among those 1) 


available willing partners, 2) value of the surface water resource, and 3) risk of further or imminent 


deterioration due to development and land use pressures.   


We offer the following discussion to address each of these criteria, to make the case that the Lower Sugar 


River and the Sugar River drainage as a whole should be prioritized for the next steps in the process for 


addressing the impaired waters of Wisconsin.  


LSRWA is a willing partner: 


The Lower Sugar River Watershed Association is a not-for-profit volunteer conservation organization 


initiated in 2010 to respond to growing public concern for water quality in the 300-square-mile Lower Sugar 


River Watershed (LSRW), a significant portion of which encompasses the southeastern corner of Green 


County, as well as parts of Rock County and neighboring Stephenson and Winnebago Counties in Illinois.  


Eighty percent of the land base in the LSRW is agricultural, largely in row crops.  Outside of the small 


developed areas represented by smaller villages, the remaining 20% of non-agricultural land is comprised of 


forest, wetlands, grass and shrublands on private lands and protected in publicly-owned management areas. 


For the past five years, LSRWA has collaborated with the Upper Sugar River Watershed Association 


(established in 2000) and many other public and private partners to raise awareness of the problem of 


impaired waters, and through citizen science education and open public forums, we have worked to 


empower our community with experience and knowledge to care for and enjoy our water resources.  We 


have trained over one hundred adult and student volunteers to monitor conditions at more than 400 stream 


crossings in our watershed, and worked with the Wisconsin Department of Natural Resources and UW-


Extension citizen-based monitoring program (WAV) to sample stream health and phosphorus levels at key 


locations to contribute to identifying and designating Clean Water Act Section 303(d) impaired streams and 


other water bodies in our basin.  Our commitment to the watershed community is based in our belief that 


we all have a stake in clean water.  We also believe that solving our problem of water quality will be 


achieved by bringing people together in an open forum to find the most durable and lasting solutions.   


Value of the Sugar River Resource: 


The Sugar River, and particularly the Lower Sugar River, includes sensitive natural resource assets and 


conservation investments of state and national importance which provide valuable ecosystem services and 


contribute to local ecotourism and recreation economies, including one of the largest floodplain complexes 


in southern Wisconsin and northern Illinois.  When combined with bordering grassland buffers protected by 


easements, these properties exceed 7,000 acres of conservation lands managed for wildlife habitat, public 


recreation and hunting, and water quality, providing our area with significant nature-based recreational 


opportunities and ecotourism dollars for the local economy.  These assets also protect significant natural 


capital important to the protection of biological diversity and multiple ecosystem services that provide clean 


air, water, flood protection, and more.   
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In Wisconsin, the state-owned Avon Bottoms Wildlife Area and contiguous State Natural Areas (Avon 


Bottoms SNA and Swenson Wet Prairie SNA) are identified as a Conservation Opportunity Area of state 


significance for the conservation of floodplain forest communities in Wisconsin’s Wildlife Action Plan (WDNR 


2008).  These properties manage for and protect multiple unique habitat types and 46 animal species of 


Greatest Conservation Need that are rare or declining in the state, including state threatened and 


endangered species.  The Sugar River and its associated riparian natural communities are recognized by the 


State as one of the most important and biologically diverse river systems in Wisconsin, featuring more than 


50 species of fishes (WDNR-BNHC 2013).  The Wisconsin Wetland Association recognizes Avon Bottoms as a 


State Wetland Gem, and the Audubon Society and the State recognize it as an Important Bird Area for both 


forest and grassland birds.  In 2001, The Nature Conservancy recognized this area in their conservation plan 


as important for protecting habitats of the Prairie-Forest Border Ecoregion.    


Wisconsin recently conducted a master planning process for its properties in the Sugar River Planning 


Group, which includes the Avon Bottoms complex (WDNR 2013).  In their report, the State reiterates the 


statewide importance of these properties as a refuge for diverse native flora and fauna, high quality natural 


communities, and a robust fishery, providing for public hunting, fishing, trapping, birding, paddling and 


other passive outdoor recreation activities.  Among the identified major threats to the ecological integrity of 


these properties are habitat degradation and loss of species diversity due to proliferation of invasive species, 


pollution from sedimentation and nutrient enrichment, changes in surface and groundwater systems, 


habitat fragmentation, and long-term effects from climate change.   


Imminent Risk to the Resource: 


The Sugar River basin, particularly the Lower Sugar River basin, over the past decade has come under 


increasing pressure from industrial scale agriculture including Concentrated Animal Feeding Operations or 


CAFOs, as well as increased nutrient inputs due to widespread conversion of CRP lands for corn production.  


Most recently, a shift from smaller scale CAFOs to mega-sized operations has occurred with proposed dairies 


that would manage in excess of 5,000 animals and produce as much as 500,000 pounds of manure daily.  


Such operations would also draw as much as 230,000 gallons of water a day from high-capacity wells.  


Without effective watershed planning and implementation of water resource protections, such land 


management trends place excessive negative pressure on natural resources, as well as on human health and 


safety, and quality of life in our watershed.  Risk management will be complicated by climate change 


scenarios anticipated in our region (WICCI 2011; UW-Extension 2009).  


Thank you for considering our comments.  We are eager to contribute in any way we can to achieve 


restoration and protection of all waterbodies in the Sugar River Watershed.    


Sincerely, 


Lower Sugar River Watershed Association 


 


 


Susan Lehnhardt 


Board Member and President 
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Cc: Wade Moder, Executive Director, Upper Sugar River Watershed Association 


Greg Searle, NR Basin Supervisor, Wisconsin DNR 


Andy Morten, NR Basin Supervisor, Wisconsin DNR 


Jim Amrhein, Water Quality Biologist, Wisconsin DNR 


Todd Jenson, County Conservationist, Green County Land Conservation 


Jason Thomas, District Conservationist, Green County NRCS 


Thomas Sweeny, County Conservationist, Rock County Land Conservation 


David Gundlach, District Conservationist, Rock County NRCS 


Jim Ritterbusch, District Conservationist, Stephenson County SWCD 


Josh Franks, District Conservationist, Winnebago County SWCD 


Mike Holan, Executive Director, Winnebago County Forest Preserve District 


Mark Spreitzer, 45
th


 Assembly District 


Janis Ringhand, Wisconsin 15
th


 Senate District 


Howard Marklein, 17
th


 Senate District 


Jon Erpenbach, 27
th


 Senate District 


Todd Novak, 51
st


 Assembly District 


Sondy Pope, 80
th


 Assembly District 


Kim Blumer, President, Village of Albany  


Douglas Pinnow, Mayor, City of Brodhead 


Harvey Mandel, Chair, Town of Jefferson (Juda) 


David Olsen, President, Village of Orfordville 


Gary Haughton, President, Village of Durand  


Steve Richter, Director of Conservation Programs in Wisconsin, The Nature Conservancy 


Brian Glenzinski, Wisconsin Regional Biologist, Ducks Unlimited 


 Denny Caneff, Executive Director, River Alliance of Wisconsin 


 Jamie Johannsen, Four Rivers Environmental Coalition 


  David Clutter, Executive Director, Driftless Area Land Conservancy 


 Kerry Leigh, Executive Director, Natural Land Institute 


Neil Deupree, President, Green Rock Audubon Society 


Frank Kapel, President, Lake Winnetka-Sugar River Improvement Association 


 Lena Verkuilen, Executive Director, Welty Environmental Center 


Jen Reimer, Green County Defending Our Farmland 


 John Winters, President, Decatur Lake Mill Race Association 


 Lake Summerset Association 
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November 25, 2015



 Aaron Larson

DNR, Water Evaluation Section (WY/3)

P.O. Box 7921

Madison, WI 53707



SUBMITTED VIA EMAIL TO:

DNRImpairedWaters@wisconsin.gov



RE:    Courte Oreilles Lakes Association Comments regarding the Wisconsin Department of Natural Resources (WDNR) proposed draft 2016 impaired waters list.



Dear Mr. Larson

The Courte Oreilles Lakes Association (COLA) is providing the following comments regarding three Sawyer County Wisconsin lakes:  Sissabagama Lake, Whitefish Lake and Lac Courte Oreilles (LCO) that are addressed in the WDNR proposed draft 2016 impaired waters list.  These three lakes are connected to one another and are a significant part of the head water drainage area of the Couderay River watershed (UC 20) (See attached flow map).

COLA Comments

1.  SISSABAGAMA LAKE – (WBIC 2393500) In June 2014 Sissabagama Lake was approved by the U.S. Environmental Protection Agency (U.S. EPA) for inclusion on the 2012 Wisconsin list of impaired waters.  The impairment pollutant was listed as total phosphorus, the impairment indicator was listed as “excess algal growth,” and the Lake was assigned to DNR Category 5A with the listing detail stating “TMDL needed.”  

In the draft 2016 impaired water list, WDNR proposes to change the DNR Category from 5A to 5C and the listing detail from “TMDL needed” to “Natural Conditions (5C).”  

COLA comments that WDNR has not provided the rationale or supporting information as to why the DNR Category should change from 5A to 5C.  In addition, COLA comments that during the 2012 listing process, WDNR, in response to comment(s) received, vigorously defended its proposed DNR Category 5A listing for Sissabagama Lake. 

Finally, COLA comments that WDNR has placed Sissabagama Lake under Source Category- PS/NPS implying that a combination of point source and non-point source discharges are causing the total phosphorus impairment of Sissabagama Lake.  If this is the case, then the proposed DNR Category of 5C is inappropriate. 

COLA requests that WDNR retain the DNR Category 5A listing for Sissabagama Lake until such time as either a TMDL is completed or a site specific criterion is approved.

COLA also requests that WDNR address the “Source Category” comment above. In the Department’s response to comments, please identify the point source(s) the Department believes are contributing to the impairment of Sissabagama Lake. 

2.  WHITEFISH LAKE—(WBIC 2392000) WDNR is proposing to list Whitefish Lake, Sawyer County as an impaired water because the total phosphorus criterion has been exceeded.  COLA agrees with this assessment and supports the listing of Whitefish Lake.  

WDNR also proposes to place Whitefish Lake in DNR Category 5P, (total phosphorus criteria exceeded/biological impairment has not been demonstrated).  COLA comments that there is a well-documented case history of biological impairment in the Lake Fishery Files of the WDNR, Hayward Service Center.  This documentation includes reports of lake whitefish fish kills, concerns raised regarding loss of cold water fishery habitat, reports on catastrophic run-off events depositing sediment in the lake and AIS infestation (Eurasian water milfoil) impeding navigation and recreation.

Based on review of the Hayward Service Center files, COLA believes there is sufficient evidence/documentation of biological impairment of Whitefish Lake and requests that WDNR list Whitefish Lake in DNR Category 5A in the final 2016 impaired water list that is submitted to U.S. EPA.

Finally, WDNR’s proposed 2016 listing places Whitefish Lake in Source Category-PS/NPS.  COLA requests that WDNR identify the point source(s) the Department believes are contributing to the impairment of Whitefish Lake in the Department’s response to comments.

3.  SEPARATE LISTING FOR MUSKY BAY, LAC COURTE OREILLES – (WBIC 2390800) In the draft 2016 impaired water list WDNR continues to perpetuate the myth that Musky Bay of LCO is a separate body of water from the rest of the lake, with no connection or mutual influence between waters of LCO and Musky Bay.

Even more disturbing is the determination by WDNR to apply a lake classification to Musky Bay that is different from the classification that is applied to the rest of LCO, in order to apply a phosphorus criterion that is less protective than for the rest of the Lake.  COLA can only deduce that these arbitrary determinations made by WDNR are intended to protect the cranberry operations that discharge into Musky Bay and that have, in large part, caused the impairment of Musky Bay.

COLA completely rejects these determinations on the part of the WDNR.

COLA requests that WDNR remove “Musky Bay” under the Local Name category and substitute with:  Lac Courte Oreilles and remove “Bay/harbor” under the Water Type category and substitute with: Lake.  

In addition, as WDNR knows from their participation in scoping, COLA provided regular updates, WDNR review of draft documents and WDNR provided funding, COLA has undertaken an LCO wide Total Daily Maximum Load study as required by the section 303(d) of the Federal Clean Water Act. 

Since a draft TMDL has been prepared, COLA requests that WDNR change the designation from “Low” to “High” under the TMDL Priority category in the final 2016 impaired water list that is submitted to U.S. EPA.

Finally, WDNR’s proposed 2016 listing places Lac Courte Oreilles in Source Category –PS/NPS.  COLA requests that WDNR identify the point source(s) the Department believes are contributing to the impairment of Lac Courte Oreilles in the Department’s response to comments.

4.  UNPROTECTIVE IMPAIRMENT THRESHOLD FOR TOTAL PHOSPHORUS – The WisCALM assessment approach currently applied by WDNR requires an evaluation of the confidence interval around the mean of monthly average total phosphorus concentrations during the growing season (June 1 through September 15). For a lake to be included on the 303(d) list as impaired and to have priority put on the development of a TMDL, using only total phosphorus data, the lower 90th percentile of the confidence interval around the mean must exceed the phosphorus criterion by more than 1.5 times. This basically means that for Lac Courte Oreilles (WBIC 2390800) to be listed as impaired based solely on total phosphorus data, there must be 95% certainty that the average monthly total phosphorus concentration is more than 150% of the current 15 µg/L criterion, or greater than 22.5 µg/L. Being 95% sure that total phosphorus is averaging greater than 22.5 µg/L in LCO is a high bar for determining impairment and taking needed steps to restore and protect the resource, especially considering LCO is an Outstanding Resource Water (ORW). The current WisCALM approach leads to a high probability that LCO will not be listed as impaired until it has already undergone significant degradation. This is clearly not the intent of the impairment thresholds, which, as stated in WisCALM, “must be in line with the intent of the water quality criteria in code.” The impairment assessment methodology should be revised to provide sufficient protection for ORWs such as LCO.

5.  ASSESSMENT OF LAC COURTE OREILLES USING WISCALM DISSOLVED OXYGEN IMPAIRMENT INDICATOR – WisCALM includes an impairment indicator threshold of 6 mg/L in the hypolimnion of two-story lakes. If greater than 10% of the dissolved oxygen measurements in the hypolimnion are less than the threshold during the ice-free period, the lake is to be assessed as impaired and included in Category 5A, indicating development of a TMDL is a priority. 

An analysis of the last 5 years (2011-2015) of dissolved oxygen data in Lac Courte Oreilles (WBIC 2390800) suggests that LCO is impaired (see attached LCO Hypolimnion Dissolved Oxygen). The table below summarizes the assessment of the dissolved oxygen measurements in the hypolimnion of LCO. Based on this assessment, COLA requests WDNR to include LCO on the 2016 303(d) list as impaired in Category 5A, in accordance with WisCALM. While phosphorus data does not support an impairment decision based on WisCALM methodologies (see comment 4 above), it is clear that excess algal productivity resulting from anthropogenic phosphorus loads to LCO is contributing to dissolved oxygen depletion. As an Outstanding Resource Water, LCO requires immediate attention to restore water quality and protect it from further degradation. LCO is one of only 5 inland lakes in Wisconsin to have both cisco and lake whitefish reported present. Sufficient dissolved oxygen in the hypolimnion is critical to protecting this fishery. 





Percent of individual dissolved oxygen measurements in the hypolimnion during the ice-free period with concentrations less than 6 mg/L. 
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Percent of average hypolimnion dissolved oxygen concentrations during the ice-free period with concentrations less than 6 mg/L.
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Please feel free to contact me with any questions pertaining to our comments. We would be happy to work with WDNR to address these comments in the final 2016 303(d) list.



Sincerely

Kris W. Sivertson

[image: signature]

President 

[bookmark: _GoBack]

Attachment(s)

  Upper Couderay River Watershed flow map

  LCO Hypolimnion Dissolved Oxygen
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2011 2012 2013 2014 2015 2011-2015


LCO-2 (West Basin) 64% 85% 68% 60% 51% 66%


LCO-3 (Central Basin) 68% 82% 59% 55% 44% 62%


LCO-4 (East Basin) 34% 78% 62% 48% 33% 54%


Lake-wide (West, Central and East Basins) 53% 81% 63% 53% 41% 60%


Year


Location
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2011 2012 2013 2014 2015 2011-2015


LCO-2 (West Basin) 75% 88% 74% 71% 70% 77%


LCO-3 (Central Basin) 75% 88% 68% 57% 50% 70%


LCO-4 (East Basin) 50% 87% 68% 57% 50% 67%


Lake-wide (West, Central and East Basins) 67% 87% 70% 62% 57% 71%


Location


Year
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Assessment of Lac Courte Oreilles applying the 2016 WisCALM Dissolved Oxygen Impairment Indicator for Two-Story Lakes


Dissolved oxygen data collected and provided by the LCO Conservation Department and the Courte Oreilles Lake Association


Hypolimnion determined as the lower layer of the lake, bounded above by the profile interval with the highest rate of change in


 temperature (degrees F/unit depth) for ice-free periods when monitoring was conducted.


Percent of Individual Measurements in Hypolimnion < 6 mg/L


2011 2012 2013 2014 2015 2011-2015


LCO-2 (West Basin) 64% 85% 68% 60% 51% 66%


LCO-3 (Central Basin) 68% 82% 59% 55% 44% 62%


LCO-4 (East Basin) 34% 78% 62% 48% 33% 54%


Lake-wide (West, Central and East Basins) 53% 81% 63% 53% 41% 60%


Percent of Hypolimnion Average Dissolved Oxygen < 6 mg/L


2011 2012 2013 2014 2015 2011-2015


LCO-2 (West Basin) 75% 88% 74% 71% 70% 77%


LCO-3 (Central Basin) 75% 88% 68% 57% 50% 70%


LCO-4 (East Basin) 50% 87% 68% 57% 50% 67%


Lake-wide (West, Central and East Basins) 67% 87% 70% 62% 57% 71%


Year


Location


Location


Year
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Cultivating Community and Stewardship from 
the Ledge to the Lakeshore 


November 24, 2015 
 
Dear DNR Water Regulations Staff, 
 
I am writing a letter requesting the  reassignment of  the  Ahnapee River in 
Kewaunee County to the highest priority on your 2016 list of Wisconsin’s 
Impaired Waters.  This  reassignment is needed to create and implement a 
plan to reduce increasing phosphorus levels.  As President of the Lakeshore 
Natural Resource Partnership’s Board of Directors, I am aware of the historical 
and ongoing issues leading to Algoma’s deteriorating water quality.  We 
support the Friends of Crescent Beach, one of our program partners, in their 
efforts to clean up the beach and the waters that flow into Lake Michigan. 
 
The Ahnapee was  first put on your Impaired Waters List in 2014 but at low 
priority status.  This river is historically well above Clean Water Act water 
quality standards for phosphorus.  These high levels contribute to algae 
growth which impairs fish and wildlife habitats, recreational enjoyment, 
tourism, property values and even public health.  
 
A 2014 report, ‘Crescent Beach Management & Monitoring Pollutants in the 
Ahnapee River Watershed,’ underscores  the river’s negative impacts to 
Algoma’s Crescent Beach. Thick mats of algae in near-shore waters and on the 
beach become a reservoir for bacteria, litter, and attract nuisance birds which 
further contaminate the beach and surface water. Tourists and local citizens 
alike are repelled by foul smelling, rotting algae and pea soup-colored water.  
 
The Ahnapee River watershed’s deteriorating health could have significant 
economic and public health consequences for the community and Lake 
Michigan. While the City of Algoma is seeking funding to address stormwater 
issues, DNR must act to address the Ahnapee River. 
 
We appreciate your consideration of our request. 
  
Sincerely, 
 
John M. Kirsch 
Board President, Lakeshore Natural Resource Partnership 
PO Box 358 
Cleveland, WI 53015 
(920) 693-3209 







