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A 1.0 INTRODUCTION
Cyanobacteria (also referred to as blue‐green algae) are known to cause a multitude of water‐
quality concerns. Harmful Algal Blooms (HABs) produced by cyanobacteria have the potential to
produce deadly toxins. HABs can cause a reduction in light penetration and can cause depletion
of oxygen in the water column as the algal masses grow and senesce, which ultimately results in
degraded water quality conditions. Cyanobacteria toxins (cyanotoxins) have been implicated in
human and animal illness and death in more than 50 countries worldwide, including Wisconsin
and 35 other states in the United States (Chorus and Bartram 1999; Huisman et al. 2005).
Hypereutrophic conditions have been a consistent feature of the Green Bay ecosystem for
decades. One of the principal criteria for the southern bay’s designation as an Area of Concern
(AOC) are the frequent and severe nuisance algal blooms that result from total phosphorous
concentrations often exceeding 100 ug/L at the mouth of the Fox River. Chlorophyll a
concentrations range between 24‐131 ug/m3. Phytoplankton sampling performed in the early
1990s, near Communiversity Park in the Green Bay AOC, showed a strong dominance in blue‐
green algae, averaging 76% of the total biovolume (Rhew 1992).
A recent study performed by Wisconsin Department of Natural Resource (WDNR) and State
Laboratory of Hygiene (SLOH) from 2004 ‐ 2006 of Wisconsin ponds, lakes, and rivers found that
68 ‐74% of water quality sampled tested positive for the presences of cyanobacteria, with 41‐
69% of those of samples testing positive cyanotoxins (Hedman et al. 2008). Finally, it is
important to note that research by De Statsio (2008) has indicated a shift towards dominance by
blue‐green algae since the invasion of zebra mussels.

A 1.1 PROBLEM STATEMENT
Despite the potential of cyanobacteria to generate deadly toxins and contribute to water quality
problems, limited research has been done to determine the frequency, severity, and extent to
which HABS by cyanobacteria are occurring in the Green Bay Area of Concern (AOC).

A 1.2 PROPOSED WORK
This project will provide data to evaluate the current status of 2 BUIs in the Green Bay AOC that
have a delisting target for cyanobacteria, “Beach Closings/Recreational Restrictions” and
“Eutrophication/Undesirable Algae” and provide supplemental information for “Degraded
Phytoplankton / Zooplankton Populations”. The work will also supplement phytoplankton
monitoring that is currently being conducted by Dr. Bart De Stasio of Lawrence University.
Sampling for cyanobacteria will be performed in conjunction with bacteria sampling at two
Beach Health locations within the Green Bay AOC (see map attachment, Communiversity Park
#25 and Longtail Point #32). Currently, sampling and monitoring for bacteria in the Green Bay
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AOC is being performed by GBMSD and the Brown County Health Department. Coordination of
sampling efforts for cyanobacteria and cyanotoxins with bacteria sampling will allow for a
simultaneous assessment of the Recreational Restrictions BUI.
Seasonal patterns in cyanobacteria abundance and community composition are affected
substantially by temperature, solar irradiance, and nutrient supply (Graham et al. 2008).
Cyanobacteria populations tend to peak between mid‐summer and early fall when water
temperatures reach a seasonal maximum and nutrient concentrations are at a seasonal low
(Wetzel 200; Falconer 2005). HABs in the Green Bay AOC become evident in mid‐July when
water column temperatures generally peak, which also coincides with depleted nitrogen
concentrations. Cyanobacteria populations may also vary on a much shorter time scale (hours or
days). Thus, it is important to use GBMSD’s local knowledge of conditions, including patterns in
circulation, mixing, and prevailing winds (Chorus and Bartram 1999; Falconer 2005). GBMSD’s
Ambient Water Quality Monitoring (AWQMP) program has been sampling water quality in the
AOC and surrounding waters weekly from May through October since 1986.

A 1.3 AMBIENT WATER QUALITY MONITORING PROGRAM
Through the Ambient Water Quality Program, GBMSD has coordinated one of the longest
running monitoring programs in the waters on the lower Fox River and Green Bay. The data
collected and generated by the AWQMP is vital in furthering our knowledge and understanding
of the current state of these waters. During the field season the following activities were
conducted under the program:
o

Continuous operation of a weather station. This data is available upon request and is
not catalogued in this report.

o

Seventeen routine water quality surveys were conducted in conjunction with in‐house
laboratory analysis for all major constituents including trace contaminates, and the
collection of in‐situ water quality measurements.

o

Deployment of two continuous monitoring stations during the field season.

o

Co‐funding of the US Geological Survey streamflow monitoring station at Rapid Croche
through the Lower Fox River Dischargers Association.

o

Bacteriological monitoring May through August on the lower Fox River and Green Bay
in partnership with the Brown County Health Department.

The Green Bay Metropolitan Sewerage District samples ambient water quality at 18 stations
that are located on lower Green Bay, the Fox River and East River. Every effort was made to
sample the following stations three times per month during the any given field season.
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Site locations are divided into the following zones:
o

East River ‐ Sites 10‐12

o

Fox River Above De Pere Dam ‐ Sites 5

o

Fox River Below De Pere Dam ‐ Sites 7‐16

o

Zone 1 of Green Bay ‐ Sites 22‐32

o

Zone 2 of Green Bay ‐ Sites 41‐51

o

Zone 3 of Green Bay ‐ Sites 55‐57

Samples are analyzed for chloride, chlorophyll a, total suspended solids, volatile suspended
solids, total solids, volatile solids, turbidity and nutrients. Trace contaminates are also sampled
bi‐annually. The depth at which the sample is collected is determined by the total water column
depth at each station. All samples are obtained by a Van Dorn grab sampler. The programs
samples nine stations at a top (a meter below the surface) and bottom depth (a meter above
the sediment) on lower Green Bay and the Fox River. Those stations are: 5, 7, 13, 16, 22, 32, 41,
51 and 56. Stations 47, 47, 55 and 57 are composite stations, where water is collected from
both the top and bottom meter of water and then combined. Five stations are located in
shallow water and samples are taken at a mid‐water depth: 10, 12, 23, 25 and 26.
Two continuous monitors were deployed during each field season. One monitor was positioned
at the mouth of the Fox River; the other monitor was located in Zone 2 of Green Bay near
Entrance Light House. Each monitor collected data for an approximate duration of 12 weeks
during the 2009 field season.
Further details on the preparation of sample containers, labware and reagents can be found in
the GBMSD Quality Control Manual or Standard Methods for the Examination of Water and
Wastewater, 20th Edition.

A 1.4 QUALITY OBJECTIVES AND CRITERIA
Data collected for this project will allow GBMSD and the WDNR to assess the potential delisting
of two BUIs that are currently listed for the GB AOC. The two BUIs are:
o

Beach Closings/Recreational Restrictions” and “Eutrophication/Undesirable Algae”
 Public swimming beaches within the AOC are open for 95% of the swimming season
(between Memorial day and Labor Day) for any 5 year period based on Wisconsin
Coastal Beach monitoring protocols for E. Coli monitoring and meet the blue‐green
algae target for 95% of the swimming season (geometric means of phytoplankton
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samples contain less than 20,000 cyanobacterial cells/ml or less than 1 µg/L of
microcystin‐LR based on at least 5 monthly samples over at least 2 years)*; and
 No waterbodies within the AOC are included on the list of impaired waters due to
pathogen contamination or blue‐green algae in the most recent Wisconsin Impaired
Waters list
“Eutrophication/Undesirable Algae”
 Total phosphorus concentrations at the mouth of the Lower Fox River meet water
quality standards and/or water quality targets specified in a State and US EPA
approved Total Maximum Daily Load; and
 There are no violations of the minimum dissolved oxygen concentrations
established in Wisconsin Administrative Code Chapter NR 102 within the AOC due to
excessive sediment deposition or algae growth; and
 No waterbodies within the AOC are included on the 303(d) list of impaired waters
due to nutrients or blue‐green algae in the most recent Wisconsin Impaired Waters
list.
 Blue‐green algae will be evaluated using the most recent WDNR Consolidated
Assessment and Listing Methodology 303(d) listing of impaired waterbodies.
Currently the proposed methodology for listing is: 10% of the geometric means of at
least 5 monthly samples (collected between May 1 and September 30th in at least 2
years) of phytoplankton samples from waterbodies in the AOC contain more than
20,000 cyanobacterial cells/ml or more than 1 µg/L of microcystin‐LR. Delisting of
this BUI could occur when the 90% of the geometric means are below these
standards.
 Blue‐green algae may also be evaluated using the predicted relative biomass of
blue‐green algae in phytoplankton when total phosphorus at the mouth ofthe Lower
Fox River reaches the TMDL target of 100 µg/L (0.1 mg/L) (based on Trimbee and
Prepas 1987). Delisting of this BUI could occur when less than 50 ‐ 60% of the
relative biomass of phytoplankton is blue‐green algae.

In order to meet the quality assurance objects for this project. Two sites were picked from
GBMSD’s current sampling locations that will assist in determining if the GB AOC can be delisted
for the above mentioned BUIs. The sites are believed to be representative of entire GB AOC.
Seasonal patterns in cyanobacteria abundance and community composition are affected
substantially by temperature, solar irradiance, and nutrient supply (Graham et al. 2008).
Cyanobacteria populations tend to peak between mid‐summer and early fall when water
temperatures reach a seasonal maximum and nutrient concentrations are at a seasonal low
(Wetzel 200; Falconer 2005). HABs in the Green Bay AOC become evident in mid‐July when
water column temperatures generally peak, which also coincides with depleted nitrogen
concentrations. Cyanobacteria populations may also vary on a much shorter time scale (hours or
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days). Thus, it is important to use GBMSD’s local knowledge of conditions, including patterns in
circulation, mixing, and prevailing winds (Chorus and Bartram 1999; Falconer 2005).
Sampling for cyanobacteria will begin during the month of July or when the first visual signs of
cyanobacteria blooms occur. Sampling will be conducted in the AOC where exposure to
cyanobacteria toxins poses the greatest threat to recreational users and human health. The
selected sites are stations 25 and station 32 (see map attachment). The sites will be sampled
during 6 times from July to September during bloom events. In order to ensure the maximum
concentration of cytotoxin is collected from the bloom, GBMSD will make an effort to sample
multiple times from the bloom from onset to senescence if GBMSD is performing other water
quality work in the area during the period of the bloom. Otherwise, the bloom will only be
sampled once.
A field duplicate for chlorophyll a will be taken at one station during each sampling event to
ensure proper sampling techniques are being performed on collection of the water sample.
Vertical profiles will be taken to assess limnological characteristics such as temperature, specific
conductance (umho/cm at 25 C°), pH (SU), dissolved oxygen (mg/L) and percent saturation.
Readings will be taken at each meter of the entire water column until the sediment is reached.
A Li‐Cor light meter will be utilized to determine the light extinction coefficient. A Secchi disk will
be used to determine water clarity.

A 1.5 SPECIAL TRAINING/CERTIFICATION
All GBMSD staff is trained in proper sample collection and handling techniques. Cyanobacteria
samples and water quality samples will be collected when deemed appropriate by GBMSD staff.
Sample collection will be performed in conjunction with bacteriological sampling with the Brown
County Health Department. No special certifications are required for this project.

A 1.6 DOCUMENTATION AND RECORDS
The final, approved version of this document and any future revisions will be archived in
GBMSD’s Ambient Water Quality Monitoring Program database. All data generated in the field
will be stored in GBMSD’s Ambient Water Quality Monitoring database. Field data includes the
following information: sampling time and date, crew, weather conditions, depth at which the
sample was taken and any photographic evidence of algal blooms.
This document will be distributed electronically to the following involved in the project including
the WDNR Surface Water Integrated Monitoring System (SWIMS) database for permanent
storage with the monitoring data.) GBMSD’s Water Resources Specialist is responsible for
providing the following individuals with the most current and approved QAPP for the project.
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Erin Hanson: WDNR Water Resources Specialist, Lower Green Bay AOC Coordinator
Donalea Dinsmore: WDNR Office of the Great Lakes Quality Assurance Coordinator
Lisa Helmuth: WDNR SWIMS File Manager
Susan Hill: WSLH EHD Quality Assurance Coordinator/Advanced Chemist
Dawn Perkins: WSLH Advanced Environmental Toxicologist
Debbie Cawley: GBMSD Laboratory Supervisor
Allison Thut: Water Resources Technician

B 2.0 STUDY DESIGN AND SAMPLE COLLECTION
B 2.1 STUDY AREA
Two locations were picked within the GB AOC for this project. The locations are GBMSD 25 and
32. These stations were chosen based on where exposure to cyanobacteria toxins poses the
greatest threat to recreational users and human health (see map attachment).
Sampling for cyanobacteria will begin during the month of July when visual signs of
cyanobacteria blooms begin and will continue through September or senescence. Sampling will
occur approximately six times from July through September in conjunction with bacteriological
sampling. Sampling will only occur during the work week and when GBMSD is doing water
quality monitoring. Samples will be taken during blooms or every other week, whichever occurs
first. Sampling for cyanobacteria will only take place during regular bacteria surveys. If a bloom
should occur on a day when a bacteria survey is not occurring GBMSD will attempt to collect a
sample.
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Figure 1: Sampling Locations

B 2.2 SAMPLING METHODS
A single grab water sample will be collected directly from the bloom in conjunction with a
bacteria sample using a Van Dorn water sampler. The water sample will be split into 4 samples.
One 250ml sample will be collected for algal enumeration and algal identification species. The
sample will poured into a 250 ml plastic bottle and will be preserved with Glutaraldehyde (1 ml
of Glutaraldehyde per 100 ml of sample). A second 250 ml sample will be collected for
Microcystin toxin testing via ELISA. The sample will be poured into a 250 glass amber bottle. A
third 250 ml sample will be collected and poured into a sterile plastic bottle for E. Coli analysis. A
fourth sample will be collected for chlorophyll a analysis. The sample will be poured into a 1000
‐ 10 ‐

Frequency and Severity of Harmful Algal Blooms (HABS) of Cyanobacteria and Cyanotoxin
(Microcystin) in the Green Bay Area of Concern

2011

ml bottle. All samples will be stored on ice until they can be refrigerated at GBMSD’s laboratory,
with the exception of the Microcystin sample. The Microcystin sample will be frozen upon
arrival to GBMDS’s laboratory.
The algal enumeration and algal identification species and Microcystin samples will be shipped
next day on ice to the Wisconsin State Laboratory for analysis. The E. Coli sample will be
delivered to the Brown County Health Department the day of collection for analysis. Chlorophyll
a analysis will be performed the next day by GBMSD laboratory staff.
Vertical profiles will be taken to assess limnological characteristics such as temperature, specific
conductance (umho/cm at 25 C°), pH (SU), dissolved oxygen (mg/L) and percent saturation.
Readings will be taken continuously throughout the entire water column until the sediment is
reached. A Li‐Cor light meter will be utilized to determine the light extinction coefficient. A
Secchi disk will be used to determine water clarity.

B 2.3 SAMPLE HANDLING AND CUSTODY
Cyanobacteria samples will be preserved and transported to the State Lab of Hygiene for
analysis. The samples will be shipped over night packed in ice. The appropriate SLOH chain‐of ‐
custody forms will be filled out and shipped with each set of samples.
Samples analyzed by the GBMSD Laboratory for chlorophyll a must be accompanied by a
GBMSD chain‐of‐custody. Samples will be stored in a dark refrigerator at 4°C and analyzed
within the appropriate hold time.
Test

Sample
Size

Type of
Bottle

Preservation

Algal
Enumeration
& I.D.

250 ml

250 ml
White
Plastic

Glutaraldehyde

Chlorophyll a

1000
ml

250 ml
White
Plastic

Refrigeration

E. Coli

250 ml

250 White
Plastic ‐
Sterile

Refrigeration

Microcystin LR

250 ml

250 Brown
Amber Glass

Freezing
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TABLE 1: SAMPLE PRESERVATION

B 2.4 ANALYTICAL METHODS
The SLOH will analyze samples for total algal composition to genus level and test for the
presence of the toxin Microcystin‐LR. The GBMSD Laboratory will analyze the samples for
chlorophyll a concentrations.
Laboratory

SOP

Detection
Level

Algal
Enumeration &
I.D.

SLOH

ESS
BIO
METHOD
2035

95% CI

Chlorophyll a

GBMSD

SM 10200 H

1 mg/m3

E. Coli

BCH

Index
Method

<1 to
>2419.2

SLOH

ESS ENV TOX
Method
2100

0.10 ppb

Parameter

Microcystin LR

TABLE 2: ANALYTICAL METHODS

C 3.0 QUALITY CONTROL
The following section will briefly address the quality control methods that will be employed to
ensure the data that is generated for the project is scientifically reliable, reproducible and meets
the projects needs. Both the WSLH and GBMSD Laboratory have an active quality control
assurance program that measures and verifies laboratory performance. All results must be valid,
representative, comparable, and of known precision and accuracy to be of value to customers
and decision makers. An established quality assurance program will ensure legally defensible
results. In addition, the system must identify factors which adversely affect quality and provide
for corrective action where required. The system must also provide for the maintenance of
records relating to sample submittal and the production of laboratory data. Those procedures
are not included in this document, but are housed in the WSLH QA EHD manual (WSLH 2010)
and the GBMSD’s quality control techniques are in the following sections.
For this project, the quality control limits generated by the laboratories will serve as the
measurement quality objectives.
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C 3.1 SCOPE OF ACCREDITATION
GBMSD Laboratory Services is certified to perform environmental analysis in support of covered
environmental programs for the parameters specified in the attached Scope of Accreditation.
Refer to the attached table for specific methodologies and references.
The laboratory’s accreditation certificate from the Wisconsin Laboratory Certification program is
conspicuously displayed on the wall near the laboratory entrance.
The Wisconsin State Laboratory of Hygiene is accredited under NELAC for environmental testing
and certified by the Wisconsin Laboratory Certification program. The analyses performed by the
laboratory are not covered under the accreditation program; however the methods and quality
control have been developed to support Wisconsin DNR’s monitoring needs.

C 3.2 PROGRAM REQUIREMENTS
The laboratory is required to maintain a quality control program as outlined in NR 149.48. All
data and documents must be available to the Department upon request. The quality control
procedures will be used to assess:
o
o
o
o
o
o

The level of background contamination associated with the preparation and
analysis of samples.
The sensitivity of all test performed.
The level of control of an entire analytical system.
The bias contributed to sample results by all preparation and analysis steps.
The reproducibility of test results.
The selectivity of test methods.

All sample processing steps of a test method are included in the determination of a limit of
detection. The limit of detection is derived by the procedure specified for method detection
limits in the Code of Federal Regulations, Title 40, Part 136, Appendix B. The limit of
quantitation is set equal to 3.33 times the limit of detection as specified in our WPDES permit.

C 3.3 FIELD DUPLICATES
A field duplicate will be taken at one station during each sampling event. Due to budget
constraints, chlorophyll a will be the analysis that is used to ensure proper field sampling
techniques are being performed on collection of the water samples.
Due to the limited number of samples being collected, the data will need to be tested for
normality. Equality of variances will be analyzed to make this determination. If the data is found
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to be not normal, the nonparametric Satterthwaite statistical t‐test will be employed to
determine if the data is meeting the quality assurance objectives of the project. If the data is
found to be normal, the pooled t‐test will be used.

C 3.4 CORRECTIVE ACTION
Corrective action is defined as the effective measures applied to correct and minimize the
possibility of recurrences of an out‐of‐control condition. It must be done to identify the reason
for the failure, and then correct it. Documentation of corrective action is important for tracking
problems affecting the quality of data.
For field operations, the project manager will evaluate the conditions and the frequency of algal
bloom occurrence beginning in late July. The sampling schedule will be adjusted based on those
conditions to assure that six samples are collected over the course of the monitoring season,
whether or not algal blooms are apparent.

C 3.5 NR 149 Requirements
The lab code requires that corrective action (149.38) will take place when:
(a) departures from established policies and procedures in the quality system are identified or
become apparent.
(b) QC samples or PT samples fail acceptance limits.
The corrective action will identify the source of the problem, correct the problem, and have a
mechanism to verify the action has had the desired effect. The lab will document corrective
action taken to address the nonconformance resulting from investigations. Changes taken to
address failures of QC samples will be those that resolve or address the failure quickly. The lab
will monitor the effectiveness of corrective action changes and take additional corrective action
when initial and/or subsequent corrective action fails to resolve the nonconformance.

C 3.6 Departures from Established Procedures
A departure from established policies and procedures may include, but are not limited to:

Sample holding time exceeded.
Sample preservation not adequate.
Sample receiving paperwork not correct.
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Instrument calibration requirements not met.
Incorrect sample preparation/analysis used.
Data recording or transcription errors.

CORRECTIVE ACTION
QC Sample Failures
Quality control samples which fail to meet acceptance limits will require a corrective
action.
Example QC samples are:
Calibration curve standards
Calibration curves
Initial calibration verification standards
Continuing calibration verification standards
Proficiency testing standards
Quality control standard samples
LOD studies
Method blanks
Instrument blanks
Laboratory control samples and their duplicates
Matrix spike samples and their duplicates
Sample replicates
Internal standards
Surrogate standards
Initial demonstration of capability samples

C 3.7 Corrective Action Procedures
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When it has been determined that a corrective action is needed the analyst documents the
cause on a Corrective Action form. Data affected over time by the corrective action are
referenced on the form. The situation is monitored and notes are made on the form until the
situation has reached a state of acceptability. This is a typical Plan, Do, Act, Check cycle. The
form is signed by the analyst and forwarded to the Laboratory Services Manager so the data can
be flagged on reports, if necessary.
Typically, if an analysis does not meet quality control criteria, it is repeated. This will determine
if the problem was random in nature. If the results of the subsequent analysis are within QC
limits, the samples associated with that analysis are acceptable. If the results continue to
exceed QC limits, the samples associated with that analysis must be re‐analyzed. If the results
cannot be re‐analyzed (BOD, for example), the data must be qualified back to the last
acceptable quality check.

CORRECTIVE ACTION
Data that is qualified must be flagged in the meta table in the AWQMP’s database. on The “QC
Exceedance” box is marked and all affected sample results are identified. Qualified data does
not necessarily mean bad data. Data users can make decisions regarding the usability of the
data.
Examples of corrective actions include, but are not limited to:
Preparation of new standards.
Preparation of new reagents.
Recalibration of an instrument.
Re‐preparation and/or reanalysis of samples.
Servicing of instrument, if necessary.
Additional training of personnel, if necessary.
Qualifying the data

D 4.0 RECORDS MANAGEMENT
D 4.1 SWIMS
The Surface Water Integrated Monitoring System (SWIMS) is the central Wisconsin Department of
Natural Resources repository for data and project documents related to sampling and analysis for this
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project, including the Quality Assurance Project Plan. The DNR SWIMS file manager, Lisa Helmuth, will
ensure that water chemistry results are automatically entered into SWIMS upon receipt from the WSLH.
The DNR Green Bay AOC Coordinator, Erin Hanson, is responsible for uploading this Quality Assurance
Project Plan into SWIMS for long term storage with the data.
A monitoring project has been established in SWIMS that includes the following critical fields:






Project description including purpose, objective(s), intended outcome, and budget
People and their roles in the project
Monitoring stations
Parameters to be analyzed
Account codes

Once electronic labslips for the cyanobacteria analyses at SLOH are available Erin Hanson will generate
labslips for the entire season of fieldwork events and deliver them to GBMSD’s Water Resources
Specialist. GBMSD’s Water Resources Specialist will notify Erin Hanson by e‐mail each time a sample is
collected so that Erin Hanson can in turn enter the correct sample dates and field information into
SWIMS. This will ensure that the data is able to migrate from the SLOH database into SWIMS through
established automatic processes.
Once the analyses are complete and have passed WSLH QA/QC, the data is entered into the WSLH
database and then transmitted to WDNR’s Laboratory Data Entry System (LDES).
GBMSD’s Water
Resources Specialist will be notified by email that the electronic results are available in LDES and
provided a link to access the data. Once all samples are marked “complete’ by the SWIMS file manager
the dataset is electronically migrated into SWIMS where it is available online to DNR and non‐DNR
partners and where it is associated with the project details. All data must have a station ID to be
included in the system and a project ID and sequence number to ensure that results are appropriately
associated with the project.
SWIMS station IDs for this project are:
–

GBMSD Station 25 is SWIMS Station 10033639

–

GBMSD Station 32 is SWIMS Station 10033640

SWIMS incorporates the data from LDES daily if the station numbers and unique SWIMS ID number on
the lab slip match. Data with mismatched identifiers are rejected until the project coordinator works
with the SWIMS file manager to resolve discrepancies and marks the data as suitable for inclusion in the
database. It is the responsibility of the DNR Green Bay AOC coordinator to ensure that field results are
appropriately documented and archived with the electronic project in SWIMS.
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F 6.0 APPENDIX
Parameter

Analytical
Method

Sample
Type

Preservation

Container

Holding
Time

EPA 350.1

Grab

Sulfuric to pH<2

P

28 Days

Nitrate‐Nitrate

EPA 353.2

Grab

Sulfuric to pH<2

P

28 Days

Total Kjeldahl‐
Nitrogen

EPA 353.1

Grab

Sulfuric to pH<2

P

28 Days

Orthophosphorus

EPA 365.1

Grab

Sulfuric to pH<2

P

48 Hours

Total Phosphorus

EPA 365.4

Grab

Sulfuric to pH<2

P

28 Days

Total and Volatile
Solids
Total Suspended
Solids
Total Volatile
Suspended Solids
Chlorophyll a

SM 2540 G

Grab

Refrigerate <4º C

P

7 Days

SM 2540 D

Grab

Refrigerate <4º C

P

7 Days

SM 2540 E

Grab

Refrigerate <4º C

P

7 Days

SM 10200 H

Grab

P

28 Days

SM 4500‐CL
B
SM 3111,
3113
EPA 200.7
EPA 245.1
8041

Grab

Refrigerate(whole
water)
Freeze (filter)
Refrigerate <4º C

P

28 Days

Ammonia as Nitrogen

Chloride
Metals I

Organics, Purgeable
by GC
Organics,
Organochlorine
Compounds
Turbidity

Grab

Refrigerate, nitric to
pH<2

P rinsed
with 1 + 1
Nitric

6
Months

Grab

Refrigerate, 1+1 HCL

14 Days

8082
8081A

Grab

Refrigerate <4º C

G, TFE‐lined
cap
G, TFE‐lined
cap Amber
glass

SM 2130 B

Grab

Refrigerate <4º C

P

48 Hours

TABLE 3: ANALYTICAL METHODS AND PRESERVATION

(1) P = plastic (polyethylene), G = glass
(2) SM = Standard Methods for the Examination of Water and Wastewater, 20th Edition.
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F 6.1 FIELD MEASUREMENTS
Stations were identified in the field in 2004 by a GPS unit; stations were previously identified
using Loran and dead reckoning.

F 6.2 FIELD METHODS
A YSI 600XL sonde was employed to gather vertical profile information at each site.
Measurements were recorded for the whole water column at each meter of depth for:
temperature, dissolved oxygen, specific conductivity and pH. A Li‐Cor light meter was utilized to
determine depth of light penetration in the water column and a Secchi disk was used to
determine water clarity.

F 6.3 WET CHEMISTRY ANALYSIS
All nutrient determinations were made using a Lachat autoanalyzer. References for each of
these procedures are shown in Table 1.
Ammonia was measured by an automated phenate method.
Chlorophyll was determined from a spectrophotometric calculation.
Chloride was analyzed by the argentometric method.
Nitrate plus nitrite was measured by automated cadmium reduction method.
Total Kjeldahl‐nitrogen was measured using a semi‐automated block digester.
Orthophosphorus was measured using an ascorbic acid reduction method.
Total Phosphorus was measured by a semi‐automated block digester
Total and Volatile Solids are measured as solid and semi‐solid samples.
Total Suspended Solids are filtered on glass fiber and dried in an oven for 24 hours at 103‐105
ºC.
Volatile Suspended Solids are ignited at 550 ºC for an hour.
Turbidity was analyzed by the nephelometric method.
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F 6.4 EQUIPMENT/INSTRUMENTATION INSPECTIONS, CALIBRATION, AND MAINTENANCE
The field equipment used for this project will be inspected, calibrated and maintained by the
Water Resources Specialist and Water Resources Technician. Those pieces of equipment are:
Van Dorn water sampler, Li‐Cor Light Meter, and YSI 600XL multiprobe sonde. Clean bottles will
be provided the SLOH for filling of algal samples in the field. GBMSD’s bottle washing procedure
is documented in the GBMSD LSQAM (Laboratory Services Quality Assurance Manual) (2009).

F 6.5 YSI 600XL SONDE SET‐UP AND CALIBRATION
Pre‐calibration Set‐Up
Note: Sonde should be calibrated prior use each day in the field.
1. If you use the calibration cup for dissolved oxygen (DO) calibration, make certain to loosen
the seal to allow pressure equilibration before calibration. The DO calibration is a water‐
saturated air calibration.
2. The key to successful calibration is to insure that the sensors are completely submersed when
calibration values are entered. Set calibration standards out ahead of time in room where
calibration is to occur for temperature stability.
3. For maximum accuracy, use previously used calibration solution to pre‐rinse the sonde. You
may wish to save used or expired calibration standards for this purpose.
4. Fill a bucket or sink with ambient temperature tap water to rinse the sonde between
calibration solutions.
5. Have several clean, absorbent paper towels or cotton cloths available to dry the sonde
between rinses and calibration solutions. Shake excess rinse water off the sonde, especially
when the probe guard is installed. Dry off the outside of the sonde and probe guard. Drying the
sonde reduces carryover contamination of calibrator solutions and increases calibration
accuracy.
6. Remove the stainless steel weight from the sonde bottom by turning the weight
counterclockwise. When the weight is removed, the calibration solutions have access to the
sensors without displacing a lot of fluid. This also reduces the amount of liquid that is carried
between calibrations.
7. Make certain that port plugs are installed in all ports where probes are not installed. It is
extremely important to keep these electrical connectors dry. Once this set‐up is initially done, it
will not be necessary to go through these set‐up procedures each time calibration is done:
1. Press the Power (Green) button to turn the YSI 650 MDS handheld on.
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2. From the 650 .Main. Menu select Sonde menu.
3. From the .Main. menu screen scroll down and select Advanced.
4. From the .Advanced Menu. scroll down and select Setup.
5. From the .Advanced Setup. menu ensure that Auto sleep RS232 and Auto sleep SD112 are
notenabled. It is also suggested that Power up to Run be selected in this screen.
6. Press Escape twice to return to .Main. menu and select Report.
7. From the .Report setup. menu scroll through and minimally enable by selecting the following:
Temp C; SpCond uS/cm; DOsat %; DO mg/l; DO Charge; pH; and pH mV. Enable other optionsas
per your instrument capabilities and your monitoring program reporting needs.
8. While selecting SpCond in the .Report setup. menu, select .SpCond uS/cm. as the unit to
display.
9. Press Escape and turn power off or begin calibration process. The sonde is now set up for
calibration and sampling.
Calibration of Conductivity
Calibrate conductivity first to avoid contamination of the standard.
For maximum accuracy, the conductivity standard you choose should be within the same
conductivity range as the water you are preparing to sample. However, it is not recommended
to calibrate with conductivity standards that are less than 1.0 millisiemens/cm (mS/cm) [which is
equal to 1,000 microsiemens (µS/cm)]. These low standards are easily contaminated and can be
interfered with by outside noise sources (RF, etc.)
TIP: During calibration for conductivity and pH, you may remove the stainless steel weight from
the bottom of the sonde by unscrewing the weight counterclockwise. When the weight is
removed, the calibration solutions have access to the sensors while displacing less fluid. This
also reduces the amount of liquid that is potentially carried between calibrations.
1. Remove the sponge from the calibration bottle and pour 1‐2 inches of conductivity calibration
solution into the bottle. If you have used conductivity solution saved from your last calibration,
you can use it for this rinsing process. Put the sonde in the bottle, screw the cap on firmly and
shake the solution around to rinse the sonde and bottle. Unscrew the bottle and pour out the
solution. Repeat this rinse process once more and then do a third rinse with fresh conductivity
calibration solution.
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2. Fill the calibration bottle about ¾ full with fresh conductivity calibration solution. Insert the
sonde back in the bottle. Gently rotate and/or move the sonde up and down to remove any
bubbles from the conductivity cell. The conductivity port in the side of the sonde must be
completely submerged in calibration solution and not have any trapped bubbles in the opening.
3. Allow at least one minute for temperature equilibrium before proceeding.
4. With the YSI 650 MDS Handheld on, scroll to .Sonde menu. and press the Enter key.
5. The handheld will make a sound that indicates you are actively connected to the sonde and its
menus. From the displayed screen, scroll to .Calibrate. and press the Enter key.
6. Scroll to .Conductivity. and press Enter to access the Conductivity calibration procedure.
7. From the next Cond Calibration screen scroll to SpCond and press Enter to access the
specific conductance calibration procedure. Then enter the calibration value of the standard you
are using. Note: The sonde requires the input in milliSiemens (mS/cm). 1,000 microsiemens
(µS/cm) = 1 millisiemen thus when using a 1,000 microSiemen/cm standard, enter 1.000. Record
the conductivity of the standard being used on the calibration work sheet. Press Enter. The
current value of all enabled sensors will appear on the screen and will change with time as they
stabilize.
8. If the sonde should report Out Of Range, investigate the cause. Never override a calibration
error message without fully understanding the cause. Typical causes for error messages are
incorrect entries, for example, entering 1000 microSiemens instead of 1.0 milliSiemens. Low
fluid level and/or air bubbles in the sonde conductivity port are other error causes.
9. Observe the readings under Specific Conductance or Conductivity and when they show no
significant change for approximately 30 seconds, record the temperature and conductivity value
being displayed as the pre‐calibration conductivity on the calibration work sheet, then press
Enter. The top of the screen will show calibrated, which indicates that the calibration has been
accepted. Record the conductivity value being displayed as the post‐calibration conductivity. On
the calibration worksheet, then press Enter again to continue and return to the Calibrate menu.
10. When the calibration has been accepted check the conductivity cell constant which can be
found by pressing Escape three times to return to the sonde.s .Main Menu.. Scroll to Advanced
at the bottom and press Enter. Press Cal Constants. and record the conductivity cell constant
value on the calibration work sheet. The acceptable range is 5.0 +/‐ 0.5. Numbers outside of this
range usually indicate a problem in the calibration process or a contaminated standard was
used. If cell constant is out of range or is significantly different than its historic range, clean and
recalibrate. At this point rinse the sonde with tap water and turn the Power off or press Escape
two times to return to the Main menu and select Calibrate to proceed with calibration for other
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variables as needed or replace sponge and silver weight and screw on calibration bottle for
transport or storage.
Note: Recommend using small brush from YSI maintenance kit to clean sensors in conductivity
ports at the end of each sampling day, especially in high turbidity waters.
Calibration ‐ pH
If initial set‐up has not been done, go to the sondes report menu and turn on the pH mv output.
This will allow the sonde to display the millivolts or the probes raw output, as well as the pH
units during the calibration process.
Note: In most cases, a two point calibration using pH buffers 7 and 10 will be used to cover
conditions generally found in the Red River Basin.
1. If not already done, remove the sponge from the calibration bottle and the silver weight from
the bottom of the sonde. Pour 1‐2 inches of pH 7 buffer solution into the bottle. If you have
used pH 7 buffer solution saved from your last calibration, you can use it for this rinsing process.
Put the sonde in the bottle, screw the cap on firmly and shake the solution around to rinse the
sonde and bottle. Unscrew the bottle and pour out the solution. Repeat this rinse process once
more and then do a third rinse with fresh pH 7 buffer solution.
2. Fill the calibration bottle about ½ full with fresh pH 7 buffer solution. Place the sonde in the
bottle and screw the cap back on. Gently rotate and/or move the sonde up and down to remove
any bubbles from the sensors. Ensure that the pH reference and glass sensor as well as the
temperature sensor are completely submerged in solution.
3. With the YSI 650 MDS Handheld on, scroll to .Sonde menu. and press the Enter key.
4. From the displayed .Main. menu screen, scroll to .Calibrate. and press Enter.
5. Scroll to .ISE1 pH. and press Enter to access the pH calibration menu.
6. From the .pH calibration. screen scroll to 2 point and press Enter to access the screen to enter
your first pH buffer value. Enter 7.00 (or the proper pH value adjusted to the temperature of the
calibration standard if other than 25°C) and press Enter. Record the temperature and pH value
of the pH Buffer 7 that you entered on the calibration worksheet in the .Cal. Standard. section.
7. Watch for the pH value and temperature to stabilize. When stable, record the pH and mV
meter readings as the pH Buffer 7 .Pre‐Calibration. values on the calibration worksheet.
8. Press Enter and record the pH and mV meter readings as the pH Buffer 7 .Post‐Calibration.
values on the calibration worksheet.. Press Enter again and screen will prompt you to .Enter 2nd
pH. At this time, remove sonde from calibration bottle and pour out the pH 7 buffer. [Note:
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Consider pouring into a container marked used pH 7 buffer which can be used as the pre‐rinse
befor the next time pH calibration is done.]
9. Enter 10.00 for the 2nd pH value (or the proper pH value adjusted to the temperature of the
calibration standard if other than 25°C) and press Enter. Pre‐rinse the calibration bottle and
sonde with used and fresh pH 10 buffer as you did for the pH 7 buffer. Watch the pH display to
see if it responds and rises quickly to near the pH 10 level, which is an indicator that the pH
sensors are in good condition. Discard and then pour enough of the pH 10 buffer into the pre‐
rinsed calibration cup to cover the pH sensors.
10. Fill the calibration bottle about ½ full with fresh pH 10 buffer solution. Place the sonde in the
bottle and screw the cap back on. Gently rotate and/or move the sonde up and down to remove
any bubbles from the sensors. Insure that the pH reference and glass sensor as well as the
temperature sensor are completely submerged in solution.
11. Record the temperature and pH value of the pH Buffer 10 that you entered on the
calibration worksheet in the .Cal. Standard. section.
12. Watch for the pH value and temperature to stabilize. When stable, record the pH and mV
meter readings as the pH Buffer 10 .Pre‐Calibration. values on the calibration worksheet.
13. Press Enter and record the pH and mV meter readings as the pH Buffer 10 .Post‐Calibration.
values on the calibration worksheet.
14. Remove sonde from calibration bottle and pour out pH 10 buffer. [Note: Consider pouring
into a container marked used pH 10 buffer which can be used as the pre‐rinse for the next time
pH calibration is done.] Rinse calibration bottle and sonde with tap water and store sonde in
bottle with wet sponge or place sonde in wet towel for short‐term storage and transport. Assess
slope as per discussion below. After recording the pH millivolts for the calibration points, you
must determine the slope of the sensor. This is done by determining the difference between the
two calibration points that were used, for example, if buffer 7 was +3 mV and buffer 10 was
.177mV, the slope would be 180. The millivolts help tell us the present status of the probe; a
good set of numbers to use are as follows:
Buffer 4 = + 180 +/‐ 50 mv
Buffer 7 = 0 +/‐ 50 mv
Buffer 10 = ‐ 180 +/‐ 50 mv
The ideal numbers when a probe is new are between 0 and 180, but as the probe begins to age,
the numbers will move and shift to the higher side of the tolerance. The acceptable range for
the slope is 165 to 180. Once the slope drops below a span of 165, the sensor should be taken
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out of service. Recondition the probe if a slow response in the field has been reported. The
procedure can be found in the YSI sonde manual under the Sonde Care and Maintenance
Section. Never override any calibration errors or warnings without fully understanding the
reason for the message. Proper storage of the sensor when not in service will greatly extend the
life of the probe.
DISCRETE MONITORING (Spot Sampling) PREPARATION
Preparing to calibrate Dissolved Oxygen:
Inspect the DO probe anodes; recondition using the 6035 reconditioning kit if they are darkened
or gray in color. (see instructions on pg. 90 of YSI Environmental Operations Manual). If you
have resurfaced your DO sensor, it is recommended to run the probe continuously for 15‐30
minutes or until good stability is realized. After a membrane change only, run the probe
continuously for 3‐4 minutes or until good stability is realized. It is recommended to change DO
membranes every 30 days. Also inspect O‐ring and replace if not providing a tight seal. (See DO
membrane installation procedure) After installing a new membrane, make sure that it is tightly
stretched and wrinkle free. Note: DO membranes will be slightly unstable during the first 3 to 6
hours after they are installed; it is suggested that the final calibration of the DO sensor take
place after this time period.
BAROMETRIC PRESSURE (BP) NOTE: If your YSI handheld does not have BP built into it you will
need to obtain a local BP reading from a local source. If you get BP from a weather service it is
often in inches Hg and also corrected to sea level. First you need to convert it to mm Hg by
multiplying the inches Hg by 25.4. Then to uncorrec for sea level use the following formula: True
BP in mm Hg = [Corrected BP in mm Hg] . [ 2.5 * (Local Altitude/100)]
Dissolved Oxygen Calibration:
1. Note: Calibration should occur on‐site in the atmospheric conditions which sampling will
occur. Carefully remove the sensor guard and inspect the membrane to ensure that no water
droplets are on the membrane as needed, wash off with wash bottle or gently dab with Kimwipe
or other lens tissue to absorb the water droplets. Also dry the silver thermistor (temperature
sensor) for accurate temperature measurements. Carefully replace the sensor guard and place
the sonde in the calibration bottle with the wet sponge and approximately 1/8 inch of water or
you may use the wet towel method if you prefer. Do not allow water to touch the membrane
and make sure no water droplets are on the membrane. If using the calibration bottle, unscrew
the cap slightly to relieve pressure, allowing equilibrium to be reached with atmospheric
pressure. The sonde must now sit in this saturated environment for at least 10 minutes before
the DO calibration can begin both the DO reading and the temperature need to stabilize before
starting the calibration sequence. It is suggested to put the sonde in the .Run. mode (see step 2
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below) during this time to allow monitoring stabilization of the DO % saturation and
temperature. While monitoring stabilization of these readings, the DO sensor output countdown
check in step 2 below can be performed and results recorded.
2. From the .Main. menu, select Sonde run (you may need to then select Discrete Sample, then
Start Sampling if the meter doesn’t initially start in run mode. The sonde should be in the
discrete run mode a a 4 second rate). Immediately watch the DO% display. Observe and/or write
down the first 10 DO % numbers. The numbers must start at a high number and drop with each
four second sample, example: 110, 105, 102, 101.5, 101.1, 101.0, 100.8, 100.4, 100.3, 100.1. It
does not matter if the numbers do not reach 100% or they are below 100%, or that they do not
drop each time.it is only important that they have a high to low trend. (Note: Initial power‐up
can make the first two DO % samples read low, disregard low numbers in this position.) Should
the output display a negative value or start at a low number and climb up to the calibration
point, check Reject on the calibration worksheet and examine the probe anodes, membrane, or
other possible errors.do not deploy the probe. If the display declines as it should, check Accept
on the calibration worksheet. After this check, while still in the Run mode, allow the sonde to
continue to warm up/run for a total of 10 minutes or longer while the DO% and temperature
readings stabilize, then proceed with calibration.
3. When DO % saturation and temperature readings are stable, press Escape to get back to the
.650 Main Menu. Scroll to and select Sonde menu.
4. From the .Main. menu scroll to and select Calibrate.
5. From the .Calibrate. menu scroll to and select Dissolved Oxy.
6. The next .DO calibration. menu will offer you the option of calibrating in percent saturation or
mg/l calibrating either of the choices will automatically calibrate the other. Select DO %
saturation.
7. The next .DO Calibration. menu will require barometric pressure to be entered. If your
handheld does not have barometric pressure built into it, be sure to enter your local barometric
pressure in mm Hg as explained above. If your handheld does have barometric pressure built in,
it will be displayed. Record the barometric pressure on your calibration worksheet. Press Enter,
then monitor the stabilization of the DO % readings. After no changes occur for approximately
30 seconds, record the Pre‐Calibration DO% on the calibration worksheet.
8. Press Enter to confirm the calibration. Then record the Post‐Calibration DO% value and the
DO Charge on the calibration worksheet. Press Enter again to return to the .DO calibration.
menu. Press Escape twice to return to the .Main. menu.
9. From the .Main. menu scroll down to the bottom and select Advanced.
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10. From the .Advanced. menu select .Cal constants. and record the DO Gain on the calibration
worksheet. The gain should be 1.0 with a Range of ‐0.3 to +0.5. The probe should now be
successfully calibrated and ready for discrete sampling. Press Escape twice to get back to the
.Main. menu or turn the power off until ready to use. As with the other parameters any warning
messages displayed by the sonde during the calibration are a cause for concern and must be
investigated before deploying the sonde.
11. End of Day Calibration Check: It is recommended that at the end of your sample run to
perform a DO calibration check. Carefully remove the sensor guard and inspect the DO
membrane to ensure that no water droplets are on the membrane.as needed, wash off with
wash bottle or gently dab with lens tissue to absorb the water droplets. Also dry the silver
thermistor (temperature sensor). Carefully replace the sensor guard and place the sonde in the
calibration bottle with the wet sponge or wrap in the wet towel if using this method. If using the
calibration bottle, unscrew the cap slightly to allow equilibrium to be reached with atmospheric
pressure. Put in Run mode and when readings stabilize, record the DO% on your calibration
worksheet as .End of Day D.O. calibration check.

F 6.6 LI‐COR 1000 LIGHT METER SET‐UP AND CALIBRATION
The Li‐Cor 1000 light meter is sent into the manufacture on a yearly basis for calibration.
Batteries are changed out on a yearly, prior to the beginning of the field season. No
maintenance is required of the unit other than calibration. The new calibration multiplier must
be programmed into the data logger prior to use in the field.

F 6.7 VAN DORN WATER SAMPLER SET‐UP AND MAINTENANCE
Prior to the beginning of each sampling season the Van Dorn water sampler should be inspected
to make sure all mechanical parts are not in disrepair and properly working. Check seals,
messenger and bottle handle. Line should be remarked with a magic marker to ensure the line
has not stretched and the meter marks can be adequately distinguished.
Note: It is important to have spare parts on board for each mechanical component of the bottle.
Spare parts should be carried in both the sampling van and workboat. If a part is used, a
replacement part should be ordered immediately.
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F 7.0 METHODS
F 7.1 PHYTOPLANKTON IDENTIFICATION AND ENUMERATION METHOD
ESS BIO METHOD 2035 Phytoplankton Identification and Enumeration
Wisconsin State Laboratory of Hygiene: Environmental Health Division
Revision 3 Effective date: January 18, 2007
1. Description and Application
This method describes the procedure to be followed for identifying and enumerating
freshwater phytoplankton in surface water samples. Enumerating can be in cells/mL or
natural units/mL (where 1 natural unit equals any unicellular organism, filament or colony).
This method is used to examine mainly non‐diatom or “soft” algae.
2.

Safety and Pollution Prevention

WARNING

A. General safety practices for all laboratory operations are outlined in the Chemical
Hygiene Plan for the Environmental Sciences Section (SOP EHD 4000).
B. All laboratory wastes, excess reagents and samples must be disposed of in a manner that
is consistent with applicable rules and regulations.
C. Waste disposal guidelines are described in the University of Wisconsin Chemical Safety
and Disposal Guide.
3.

Materials and Apparatus
A. Inverted microscope (Leica DMIRB or equivalent)
B. Compound microscope
C. Palmer‐Maloney nannoplankton counting chambers
D. Utermöhl sedimentation chambers & towers (HydroBios, Kiel‐Holtenau, Germany)
2

E. #1, 22mm glass cover slips
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Disposable pasteur pipets
Seroligical Pippettor
Serological Pippets
Graduated cylinders (various sizes)
7 mL and 20 mL Glass scintillation vials
Parafilm wrap (or similar)

4. Reagents and Consumables
A. Lugol’s solution, 5% Iodine and 10% Potassium Iodide
B. Glacial acetic acid
C. Glutaraldehyde, 25% in water
D. Vacuum grease
E. Type I water
F. KimWipes
G. 70% Ethanol
H. Novus® 1 Plastic Clean & Shine

5. Procedure
A. Sample Preservation
1) Immediately after collection or receipt at the lab, sample must be preserved using
Lugol’s solution or glutaraldehyde.
(a) Lugol’s solution containing 10% glacial acetic acid: Add at a rate of 1 mL Lugol’s‐
acetic acid to every 100 mL of sample (Lugol’s solution expires 6 months after
preparation). Mix well.
(b) Glutaraldehyde (25% in water): Add at a rate of 1 mL glutaraldehyde to every
100 mL of sample. Mix well. Note: glutaraldehyde can damage mucus membranes,
so must work with it in a well‐ventilated area or under a fume hood.
2) Once preserved, sample may be stored at room temperature, preferably in the dark,
or stored at 4˚C in the dark.
B. Sample Receiving
1) Upon receipt at the lab, check in sample and assign a unique laboratory number.
2) Bring preserved sample to room temperature before examining in order to avoid
formation of air bubbles in the chambers.
C. Presence‐Absence Screen Procedure
1) On analysis day, record laboratory number, date of quantification, analyst’s initials,
general sample information, specific analysis requested, unique ID of the nannoplankton
chamber used, specific microscope and objective used into designated logbook.
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2

2) A Palmer‐Maloney nannoplankton chamber is prepared by placing a # 1, 22mm
disposable glass cover slip diagonally on top of the chamber’s reservoir. One edge of
the circular reservoir should be exposed to receive the sample.
3) An aliquot of sample is taken off using a disposable pasteur pipet.
4) Add the sample drop‐wise to the exposed edge of the nannoplankton chamber’s
reservoir. As the reservoir fills, it will draw the coverslip over the reservoir. If air
bubbles are present, repeat filling process.
5) Let chamber sit undisturbed for 10 minutes.
6) The nannoplankton chamber allows examination under a compound microscope up
to 600x magnification using a high, dry objective.
7)Examine several random non‐overlapping microscope fields to determine the specific
phytoplankton present. The number of fields counted will depend on the plankton
density and accuracy desired.
(a) Record the phytoplankton genera (and/or species) names in logbook and/or on
labslip. If natural units/mL or cells/mL are desired, quantify by using the sample in
the nannoplankton chamber (see Section D).
D. Quantification (natural units/mL or cells/mL) using Compound Microscope with
Nannoplankton Chambers
1) Use the same sample prepared in the presence‐absence screen test for
phytoplankton quantification.
2) In logbook, record laboratory number, date of quantification, analyst’s initials,
general sample information, specific analysis requested, units to be counted (natural or
cells per mL), unique ID of the nannoplankton chamber used, specific microscope and
objective used (if not already noted for the presence‐absence screen test).
3) Determine whether counts will be by random fields or by counting entire
Nannoplankton chamber and record method in logbook.
(a) If counting entire chamber, multiply by factor given on the Nannoplankton
chamber itself for each phytoplankton identified to obtain cells/mL and record in
logbook.
(b) If counting random non‐overlapping fields, follow steps D. 3) – 6) below.
4) Measure the area of the compound microscope field at a given power.
(a) Measure the effective diameter (d) of the field at a given power and calculate
the microscope field area:
2

2

Field Area = π x r = π x (d/2)
(Note: this is only good for the given power)
Olympus BX40 Microscope:
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2

20x objective Field Area = 0.933 mm (d=1.09 mm)
2

40x objective Field Area = 0.233 mm (d=0.545 mm)
5) Identify, count and record the number of natural units or cells in 5‐50 random non‐
overlapping microscope fields. The number of fields counted will depend on the
plankton density and accuracy desired.
(a) Choose a random starting point starting in the upper left‐hand corner of the
chamber.
(b) Develop a pattern that allows for equal probability of landing on any particular
area of the chamber with the exception of the edges and center. Do not look
through the objectives while moving the microscope stage to a new location. A
suggested pattern is an 8 x 8 grid, subtracting 3 or 4 fields in either direction of the
center.
(c) Record in logbook the exact number of fields counted.
6) Calculate the number (natural units or cells) per mL and record in logbook and/or on
labslip. Alternately, the number/mL can also be calculated and recorded directly into
designated computerized spreadsheet and/or report forms.
3

Number/mL= C x 1000 mm A x D x F
C = Number of organisms counted A = Area of microscope field at a given power,
2

mm
D = Depth of nannoplankton chamber, mm
F = Number of fields counted
Multiply or divide Number/mL by a correction factor to adjust for sample dilution
or concentration.
7) If desired, the original sample may be concentrated prior to adding to the
Nannoplankton chamber by using an Utermöhl sedimentation chamber. Concentrate
the sample by following steps E. 1) – 8) below. Place the concentrated sample into a 7
mL or 25 mL glass scintillation vial and use it to prepare the Nannoplankton chamber. It
is important to measure and record both the amount settled and final volume obtained
to determine a concentration factor. Divide the calculated number/mL result by this
concentration factor to adjust for sample concentration.
8) Alternately, identifications and natural units/mL (or cells/mL) can also be conducted
using the Utermöhl sedimentation method on an inverted microscope. Note: If
biovolume calculations are also desired, cell/mL enumeration must be done (rather than
natural units/mL). Where numbers of cells cannot be counted, e.g. in extremely large
cyanobacterial colonies, estimates can be made.

‐ 32 ‐

Frequency and Severity of Harmful Algal Blooms (HABS) of Cyanobacteria and Cyanotoxin
(Microcystin) in the Green Bay Area of Concern

2011

E. Identification and quantification using an inverted microscope with Utermöhl
sedimentation chambers & towers
1) Prepare Utermöhl sedimentation chambers by attaching a glass coverslip to the
bottom of the chamber locking it into place with the metal ring. Place a clean tower on
top of a clean chamber using a light amount of vacuum grease in order to seal the
chamber and tower together.
(a) To the bottom of the tower, add a small amount of vacuum grease to all four
edges. Be careful to not get grease into the tower itself.
(b) Carefully place tower with grease on top of the Utermöhl sedimentation
chamber’s reservoir.
(c) Gently press tower down onto the Utermöhl sedimentation chamber to
compress the grease and create a water‐proof seal.
(d) No vacuum grease should be in the tower or reservoir themselves. If so, clean
both the tower and Utermöhl sedimentation chamber and begin again.
2) Gently homogenize sample by inverting the bottle several times (around 60 seconds)
to dislodge phytoplankton from the sides of the bottle.
3) Use a syringe or serological pipettor to measure out a predetermined sample volume
and record this volume. Volume needed will depend on the density of the
phytoplankton and sediment in the sample.
4) Carefully add sample to the tower‐Utermöhl sedimentation chamber by very slowly
dispensing down the inside edge of the tower. Be careful to avoid any circular water
movements.
(a) Minimum volume needed in the chamber & tower is 4 mL. If examining a sample
less than 4 mL, use Type I water to bring up to 4 mL total in the apparatus.
5) Cover tower with a small plastic petri‐dish, glass square or parafilm to avoid
evaporation of the sample while settling.
6) Label Utermöhl sedimentation chamber with sample number, date and volume
settling using labeling tape.
7) Place chamber and tower on a level, vibration‐free surface to settle. Allow 1 hour of
settling/mm of column depth.
(a) Approximate settling times are as follows: 100 mL….. 100 hours 50 mL…… 50
hours 25 mL...… 25 hours 10 mL…… 10 hours 5 mL ……. 5 hours 2 mL ……. 2 hours
8) After the desired settling time, carefully slide the tower over to the drainage hole in
the base plate of the Utermöhl sedimentation chamber and let sample drain out of the
tower.
9) Carefully remove tower without disturbing the chamber’s reservoir and place a cover
glass over reservoir to prevent sample evaporation.
10) Measure the area of the microscope field at a given power.
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(a) Measure the effective diameter (d) of the field at a given power and calculate
the microscope field area:
2

2

Field Area = π x r = π x (d/2)
(Note: this is only good for the given power)
Leica DM IRB Inverted Microscope:
2

20x objective Field Area = 0.754 mm (d=0.98 mm)
2

63x objective Field Area = 0.079 mm (d=0.317 mm)
11) In logbook, record laboratory number, date of quantification, analyst’s initials,
general sample information, analysis requested, volume settled, units to be counted
(cells or natural units), specific microscope and objective(s) used.
12) Place Utermöhl sedimentation chamber with settled sample onto an inverted
microscope and scan the entire chamber to ensure that the sample is evenly distributed
and to also give the analyst an idea of the 4 or 5 most common organisms.
13) The number of cells are enumerated at the lowest taxonomic unit possible (i.e.
genus, species, etc…) found in 5‐100 random non‐overlapping microscope fields at 500x
or greater magnification. Higher magnification may be used for identification when
necessary. The number of fields counted will depend on the plankton density and
accuracy desired.
(a) Choose a random starting point starting in the upper left‐hand corner of the
chamber.
(b) Develop a pattern that allows for equal probability of landing on any particular
area of the chamber with the exception of the edges and center. Suggested
patterns are 8 x 8 or 10 x 10 grids, subtracting 3 or 4 fields in either direction of the
center. Do not look through the objectives while moving the microscope stage to a
new location.
(c) Count at least 100 of the most dominant organisms; alternately count a
minimum of 250 “live” (chlorophyll containing) organisms. For the purposes of
determining numbers of organisms to count, cells, colonies and filaments are
considered 1 organism.
(d) Large organisms and colonies, such as Ceratium hirundinella, should be
enumerated from the whole chamber. Separately record the number of fields
counted and magnification used for this particular analysis. Calculations of cell
numbers of such organisms should be done using the area of the entire chamber
bottom formula (found below).
(e) If biovolume calculations are also desired, cell/mL enumeration must be done
(rather than natural units/mL). Where numbers of cells cannot be counted, e.g. in
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extremely large cyanobacterial colonies, estimates can be made.
(f) Record the exact number of fields counted in logbook.
14) Calculate the number (natural units or cells) per mL and record in logbook and/or on
labslip. Alternately, the number/mL can also be calculated and recorded directly into
designated computerized spreadsheet and/or report forms.
Number/mL= C x At Af x F x V
2

C = Number of organisms counted At = Total area of bottom of settling chamber, mm
2

Af = Area of a microscope field, mm
F = Number of fields counted
V = Volume of sample settled, mL
Multiply or divide Number/mL by a correction factor to adjust for sample dilution or
concentration.
Note: Hydrobios’ Utermöhl settling chamber diameter=25.4mm, therefore the At = π x
2

2

(d/2) = 506.71 mm ; chamber volume= 2.973 mL

F. Diatoms
1) The cellular contents of diatoms obscures the wall markings which species
identification is based upon, therefore the organic matter must be removed (oxidized)
prior to identification. A different analytical method must be used that specifically
prepares a sample for species identification of diatoms at high magnification (1000x or
greater).
2) During the examination of settled material using this ESS BIO 2035 Method, most
diatoms are enumerated and identified as live pennates, empty pennates, live centrics
and empty centrics. Most identifiable diatoms are identified to the genus level.
G. Biovolume Calculations
1) If biovolume estimates are desired, cell/mL data (rather than natural units/mL data)
must be determined using one of the enumeration procedures described above.
2) The measurements required are those necessary for the volume calculation of a
geometric shape which best approximates the shape of a particular organism. See
Hillebrand et al. (1999) for a set of equations to calculate biovolumes in specific
phytoplankton genera. In general, the assigned geometric shapes are applied to
individual cells (even in filamentous and colonial phytoplankton). When it is difficult to
identify a single cell, the shape can be applied to the entire colony or filament.
3) Biovolume measurements should be taken at a magnification greater than 400x and
from samples prepared in an Utermohl settling chamber since this is the least
destructive to the cells. Measurements are made using an ocular micrometer and
generally after all counts are finished.
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(a) Measure at least 20 specimens of each species for cell volume calculations.
When fewer than 20 specimens are present, those present are measured as they
occur. Most measurements are taken from the outside wall to outside wall.
(b) If necessary, convert the measurements based upon the calibration of the ocular
micrometer division.
(a) For the Leica DMIRB inverted microscope using a 10x eyepiece:
Objective Lens
Total Mag. Measurement per Eyepiece Division 20x 200x 4.9
µm/division OR 49 µm/whole number 63x 630x 1.56 µm/division OR 15.6 µm/whole
number 100x 1000x 0.97 µm/division OR 9.7 µm/whole number
(c)
Calculate the median (µm) of each separate linear dimension.
(d)
Using the geometric shape assigned to that particular phytoplankton, calculate
3

the volume of the organism in µm /cell (this is termed the “Reference Volume”).
(e)
Calculate the biovolume for a particular organism using the following formula:
3

3

3

Biovolume (mm /m ) = Reference Volume (µm /cell) x Cells/mL 1000
3

9

3

3

6

Note: 1 mm = 1x10 µm AND 1 m = 1x10 ml
H. Archiving Samples (Soft Algae Only)
1) If the entire remaining sample is to be archived, gently homogenize the remaining
phytoplankton sample by inverting the bottle for around 1 minute.
2) Carefully empty the sample into a 500 mL graduated cylinder and cover with a plastic
Petri plate. Record the volume and other pertinent details of the sample settled. A
larger or smaller graduated cylinder may be used depending on the volume of sample
remaining in the bottle.
3) Rinse the sample bottle 3 times with a small amount of Type I water (about 5 mL).
Empty the rinse water into the graduated cylinder.
4) Settle the sample for a minimum of 7 days, but no longer than 14 days. Do not
disturb the cylinder.
5) At the end of the settling period, carefully siphon off the top water column without
disturbing the settled materials. Generally, about 18‐22 mL of sample should remain in
the cylinder.
6) Decant the remaining sample from the graduated cylinder into a pre‐labeled glass
scintillation vial. Rinse the cylinder 2 times with about 2 mL of Type I water and empty
into the vial. This is the archived sample.
7) To minimize evaporation, parafilm (or similar) should be wrapped around the cap.
8) Store the archived sample in a labeled box/tray.
9) Alternately, if the Utermohl settling method was used to concentrate the samples,
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the remaining sample left in the chamber (around 2.97 mL) can just be archived.
Carefully mix and decant the settled sample into a pre‐labeled glass scintillation vial.
Wrap the cap in parafilm (or similar) to prevent evaporation and store archived sample
in a labeled box/tray.
I. Maintenance and Cleaning of Chambers and Microscopes
1) All nannoplankton chambers, Utermöhl chambers, glass covers and towers must be
cleaned after use to prevent cross contamination between samples.
(a) Nannoplankton chambers: Rinse with Type I water and spray 70% ethanol
liberally on chambers. Use KimWipes to help wipe clean. Rinse with Type I water
two times and dry using KimWipes.
®

(b) Utermöhl chambers and towers: Rinse with Type I water, spray with Novus 1
plastic cleaner and clean using KimWipes. Rinse with Type I water two times and
dry using KimWipes.
2) Change the Utermöhl chambers coverslips when scratched, dirty or vacuum grease is
on them.
3) Microscopes should receive yearly maintenance and cleaning by a professional
vendor.
6. Quality Assurance
A. Counting error may be estimated assuming the distribution of organisms is random
and population fits a Poisson distribution. The 95% confidence limits of the percentage
of the number of units counted (N) can be estimated by:
95% CI = 2 (100%)
√N Thus if 100 units are counted, the 95% CI= ± 20% and if 400 units are counted it is ±
10%.
B. Ten percent of samples submitted for quantification should be analyzed again. At
least one duplicate is analyzed if a set of samples submitted at the same time contain
less than 10, but a minimum of 4 samples. This includes identification and tabulation of
data.
1) When possible, Utermohl and nannoplankton samples are counted again while still in
the counting chamber, so variation associated with sub‐sampling is not quantified.
2) Data from the duplicate analysis are denoted with a “QC” after the original sample
number.
3) Percent Similarity (PS) between the original and duplicated samples can be calculated
using the Bray‐Curtis Index for species‐level comparison. The formula is as follows:
(min.AB)
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i 1

PSab = 200
k
AB
i 1
PSab = Percent similarity between samples A and B A = Abundance of taxon i in sample
A B = Abundance of taxon i in sample B min. AB = lower taxon i abundance value
between samples A and B
(a) A minimum acceptance value of 60 will be an interim value until enough data has
been collected to determine a more appropriate value. If results fail to meet this
criteria, results should be investigated for error patterns or trends and as necessary,
analyst should consult with other taxonomists.
7. References
1) American Public Health Association, American Water Works Association, Water
Environment Federation. 2005. Standard Methods for the Examination of Water and
st

Wastewater, 21 Edition. American Public Health Association, Washington, DC.
2) Sournia, A. 1978. Phytoplankton Manuel. Monographs of Oceanographic
Methodology Number 6, United Nations Educational, Scientific and Cultural
Organization, Paris, France.
3) United States Environmental Protection Agency, Great Lakes National Program Office.
2003. Sampling and Analytical Procedures for GLNPO’s Open Lake Water Quality Survey
of the Great Lakes, Chapter 4 ‐ LG401. Standard Procedures for Phytoplankton Analysis.
USEPA, Chicago, IL. 4) Hillebrand H, Durselen CD, Kirschtel D, Pollingher U and Zohary T.
1999. Biovolume calculation for pelagic and benthic microalgae. J. Phycology. 35: 403‐
424.
5) University of Wisconsin‐Safety Department. 1993. Chemical Safety and Disposal
Guide. http://www2.fpm.wisc.edu/chemsafety/GUIDE2005/table_of_contents2005.htm
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F 7.2 ANALYSIS OF THE CYANOTOXIN MICROCYSTIN BY ELISA METHOD
ESS ENV TOX METHOD 2100, ANALYSIS OF THE CYANOTOXIN MICROCYSTIN BY ELISA
Wisconsin State Laboratory of Hygiene: Environmental Health Division
1. Description and Applicable Matrix
Microcystin is a potent toxin that can be produced by some freshwater cyanobacteria (also
known as blue‐green algae). This method quantitatively determines total microcystin (cell
bound toxin plus dissolved toxin) residues in water using an enzyme‐linked immunosorbent
assay (ELISA). Microcystins in the sample compete with the microcystin‐enzyme conjugate
for a limited number of antibody binding sites. The absorbance of the resulting yellow
endpoint is read on a microplate reader.
This method outlines how to run the assay using the Microcystins‐ ADDA ELISA 96Well Plate
Kit manufactured by Abraxis LLC. There are many comparable ELISA kits that may be
substituted. If using another ELISA kit, follow the manufacture’s instructions.
2. Safety and Pollution Prevention
A. General safety practices for all laboratory operations are outlined in the Wisconsin State
Laboratory of Hygiene’s Chemical Hygiene Plan for Environmental Sciences (SOP EHD
4000).
B. As with any potentially toxic or dangerous substance, care should be taken when
handling samples, acids, bases and solvents. Proper personal protection; gloves, apron
or labcoat, and eye protection are suggested. Any further precautions are at the
discretion of the laboratory personnel or the supervisor.
C. All laboratory waste, excess reagents and samples will be disposed of in a manner which
is consistent with applicable rules and regulations. Waste disposal guidelines are
described in the University of Wisconsin Chemical Safety and Disposal Guide.
3. Equipment
A. Microtiter plate reader
B. 500mL glass or polypropylene bottles
C. 20mL glass scintillation vials
D. 10cc syringes
E.
F.
G.
H.
I.

0.45 m 13mm Millex HV13 non‐sterile filter units
100 L pipet, single and/or multi‐channel
100 L pipet tips
Eppendorf Repeating Pipette
50 L Eppendorf tips

J.

Microtiter plate cover or Parafilm
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K. Timer
4. Reagents and Consumables
A. Microcystins‐ADDA ELISA 96‐Well Plate Kit, Abraxis LLC or other manufacture’s kit
5. Procedure
A. Sampling and Storage
1) Collect a minimum of 250mL of sample in glass (preferable) or polypropylene bottles.
2) If samples are not to be analyzed within 8 hours of collection, freeze sample to
analyze for total microcystin. Leave enough head‐space in bottle to accommodate
freezing. Thaw sample prior to processing. Note: This freeze‐thaw cycle will count
towards one of the three cycles the sample will undergo (see 5.B.1 below).
B. Sample Preparation for Total Microcystin (cell bound toxin plus dissolved toxin)
1) To release any toxin associated with the cells, the sample will undergo a freeze‐thaw
cycle at least three times. If preferred, may use the original sample bottle for the
freeze‐thaw cycles as long as there is enough head‐space in the bottle to
accommodate freezing.
(a) Freeze sample at temperatures ≤ ‐20°C.
(b) Once frozen, thaw sample.
(c) Repeat freeze‐thaw cycle two additional times for a total of at least three times.
2) If low sensitivity is required (< 0.1 ppb), the sample may be concentrated following
completion of the freeze‐thaw cycles. (See ESS BIO GENOP 2110 or follow WLSH’s
Organic SOP entitled “Determination of Microcystin‐LR in Water by HPLC” for
concentration procedure.)
3) If manufacture recommends particulates be removed prior to ELISA, filter 10mL of
thawed sample into a labeled 20mL glass scintillation vial using a 10cc syringe and
0.45 m Millex syringe filter unit.
C. ELISA Procedure Follow manufacture’s directions to perform the ELISA. The following
directions are based on the 96‐well plate Microcystins‐ADDA kit by Abraxis:
– The plate, reagents and samples must be at room temperature before using
(do not leave out for more than 8 hours).
– Remove the number of microplate strips required and store the remaining
strips at 4‐8°C.
1) Fill out 96‐well plate template worksheet with location of controls, standards and
samples.
2) In duplicate, add 50 L of standard solutions (0, 0.15, 0.40, 1.0, 2.0, 5.0 ppb), positive
‐ 40 ‐

Frequency and Severity of Harmful Algal Blooms (HABS) of Cyanobacteria and Cyanotoxin
(Microcystin) in the Green Bay Area of Concern

2011

control (0.75 ppb) and unknown samples to their respective wells.
3) Add 50 L of Antibody Solution to the individual wells using a repeating pipette.
4) Cover wells with plate cover or Parafilm to prevent evaporation and mix the
contents by moving the plate in a rapid circular motion on the benchtop for 30
seconds. Be careful not to spill contents. Incubate for 90 minutes at room
temperature.
5) After 90 minutes, carefully remove cover and vigorously shake the contents of the
wells into a sink. Wash the strips 3 times using the kit’s 1x washing buffer solution.
Use at least 250 L of washing buffer per well and each washing step. Pat plate dry
on a stack of paper towels to remove remaining buffer in wells.
6) Add 100 L of Enzyme Conjugate to each well using a repeating pipette. Cover plate
again and mix the contents by moving the plate in a rapid circular motion on the
benchtop for 30 seconds. Be careful not to spill contents. Incubate for 30 minutes
at room temperature.
7) After incubation, carefully remove cover and vigorously shake the contents of the
wells into a sink. Wash the strips 3 times using the kit’s 1x washing buffer solution.
Use at least 250 L of washing buffer per well and each washing step. Pat plate dry
on a stack of paper towels to remove remaining buffer in wells.
8) Add 100 L of Color Solution to each well using a repeating pipette.
9) Cover wells again and incubate for 20‐30 minutes at room temperature. Protect the
plate from sunlight.
10) Add 50 L of Stop Solution to each well and mix thoroughly (Caution: stop solution
contains diluted sulfuric acid). The well solutions will turn yellow.
11) Read the absorbance at 450 nm using a microtiter plate reader.
(a) If equipped, set the plate reader’s data reduction program to use a 4‐parameter
(preferred) or Logit/Log curve to fit the standard curve.
6. Quality Assurance
Follow manufacture’s recommendations. The following are based on the Abraxis Microcystin‐
ADDA 96‐well kit.
A. Samples
1) All samples, at a minimum, are placed in duplicate on the ELISA plate.
2) Coefficient of Variation (CV) on sample replicates should be 15%. If CV’s > 15%,
then the sample should be re‐tested as soon as possible on a separate ELISA run.
3) The detection limit of the assay based on Microcystin‐LR is 0.10 ppb (µg/L). Samples
showing a lower concentration than 0.10 ppb of microcystins are considered to be
negative.
4) Samples showing a higher concentration than the highest standard tested (typically
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5.0 ppb) can be diluted & tested again to obtain more accurate results.
B. ELISA Standard Curve
1) A standard curve provided with the manufacture’s kit will be run on each ELISA
plate.
2) All standard curve controls, at a minimum, are place in duplicate on the ELISA plate.
3) CV’s should be 15% on controls.
C. Positive Control
1) The range of the positive control provided with the kit should be in the range given
on the bottle (±25%)
7. References
A. Abraxis LLC. Microcystins‐ADDA ELISA Instructions 520011.
B. Chu, F.S., Xuan Huang and R.D. Wei. 1990. Enzyme‐Linked Immunosorbent Assay for
Microcystins in Blue‐Green Algal blooms. J. Assoc. Off. Anal. Chem. 73:451456.
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F 7.3 ANALYSIS OF CHLOROPHYLL PROCEDURE SPECTROPHOTOMETRIC
(TRICHROMATIC) METHOD
1.

SCOPE AND APPLICATION
The concentration of photosynthetic pigments is used extensively to estimate
phytoplankton biomass. All green plants contain chlorophyll a, which constitutes
approximately 1 to 2% of the dry weight of plankton algae. Other pigments that occur
in the plankton include chlorophyll b and c, xanthophyll, phycobilin, and carotenes. The
important chlorophyll degradation products found in the aquatic environment are the
chlorophyllides, pheophorbides, and pheophytins. The presence or absence of the
various photosynthetic pigments is used, among other features, to separate the major
algae groups.
This method is applicable to surface waters, including analyses performed under the
federal and state ambient monitoring programs

2.

SUMMARY
Chlorophyll a may be overestimated by including pheopigments that absorb near the
same wavelength. Addition of acid to chlorophyll a results in loss of the magnesium
atom, converting it to pheophytin a. When a solution of pure chlorophyll a is converted
to pheophytin a by acidification, the absorbance‐peak‐ratio of 1.70 is used in correcting
the apparent chlorophyll a concentration of pheophytin a.

3.

REFERENCE
American Public Health Association, "Standard Methods for the Examination of Water
and Wastewater", 19th Edition, 1995. Method 10200 H.

4.

5.

SAMPLE HANDLING AND PRESERVATION
4.1

The sample should be filtered as soon as possible after collection.

4.2

Handle samples in subdued light to prevent photochemical breakdown of the
chlorophyll.

4.3

If processing is delayed, hold at 4 degrees centigrade.

4.3

Sample on filters may be placed in plastic bags and frozen for up to three weeks.

INTERFERENCES
‐ 43 ‐

Frequency and Severity of Harmful Algal Blooms (HABS) of Cyanobacteria and Cyanotoxin
(Microcystin) in the Green Bay Area of Concern

2011

Optical methods can significantly under‐ or over‐estimate chlorophyll a concentration,
on part because of overlap of the absorption and fluorescence bands of co‐occurring
accessory pigments and chlorophyll degradation products.
6.

7.

8.

9.

EQUIPMENT
6.1

Filtration equipment, vacuum pump.

6.2

Glass fiber or membrane filters (0.45 um porosity, 47 mm iameter).

6.3

Large test tubes with screw caps.

6.4

Spectrophotometer, with a narrow band of 0.5 to 2.0 nm.

REAGENTS
7.1

Saturated magnesium carbonate (MgCO3) solution:
powdered MgCO3 to 100 mL distilled water.

add 1.0 gram finely

7.2

Aqueous acetone solution: mix 90 parts acetone to 10 parts saturated MgCO3
solution.

SAFE PRACTICES
8.1

General safety practices for all laboratory operations are outlined in the
Chemical Hygiene Plan.

8.2

All laboratory wastes, excess reagents and samples must be disposed of in a
manner that is consistent with applicable rules and regulations.

PROCEDURE
9.1

By vacuum filtration, filter each sample through a Millipore(R) type HA 0.45
micron pore size membrane filter. Measure the appropriate volume of sample
with a graduated cylinder. Distilled water blanks should also be filtered.

9.2

With a forceps, carefully lift and fold the filter in half to the filtered material is
on the inside. Fold it in half two more times so the filter resembles a wedge.
Place each filter in a screw capped test tube.

9.3

Pipette 10 mL of the acetone solution into each test tube, cap them, and
refrigerate overnight to extract the chlorophyll.

9.4

The Thermo Genesys 6 UV/Vis spectrophotometer should be warmed up for 30
minutes prior to analysis.
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9.5

Rinse with, and then fill the matched cuvettes with just the acetone solution.
Place the reference cuvette in the back compartment. The blank should be
placed in the front. Close the door and press the yellow auto‐zero key.

9.6

Leave the reference cuvette in place, but remove the blank. Rinse out this
cuvette with 2‐3 mL of sample. Fill the cuvette with sample and read the
absorbance at 750, 664, 647, and 630 nm. Change the wavelength by keying in
the new wavelength and pressing the GOTO‐Lambda key.

QUALITY CHECKS
10.1

A blank is run on each analysis day.

10.2

This method does not require analysis of replicates.

10.3

Since there are no readily available reference standards for chlorophyll, the
majority of the quality control activities are focused on maintaining optimum
spectrophotometer performance.

DATA ASSESSMENT
To correct for turbidity, the absorbance reading at 750 nm is subtracted from those at
664, 647, and 630 nm. Chlorophyll a in milligrams per cubic meter of water is calculated
using the following formula:
chlor a mg/m3 = [11.85(A664) ‐ 1.54(A647) ‐ 0.08(A630)] Ve/Vf
Where:
A664,A647,A630 = corrected absorbance at 664, 647, 630 nm,
Ve = volume of acetone extract (mL),
Vf = volume of sample filtered (L).

12.

DETECTION LIMIT
The Limit of Detection cannot be determined by the 40 CFR 136 (Appendix B) method
since the detection limit is dependent on sample volume filtered and absorbance. In lieu
of a statistically determined LOD, samples that produce a concentration below 1 ug/L
are recorded as < 1 ug/L.

13.)

CORRECTIVE ACTION
Corrective action procedures involve identification of the problem, assignment of
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responsibility for investigating the problem, determination of a corrective action to
eliminate the problem, implementing the corrective action and evaluating its
effectiveness. These events are typically coordinated between the analyst involved and
the Laboratory Services Manager.
Examples of corrective actions include, but are not limited to:
Corrective Action

Situation
The analysis was not performed
within hold time of 21 days.

1) Qualify data.

Note: Current deviations from Standard Methods 10200 H:
1) Samples are not processed in a tissue grinder for 1 minute with 2‐3 mL acetone
solution.
2) Extracts are not clarified by filtering through a solvent resistant filter or by
centrifuging.
It was determined by the previous Water Resources Specialist that the ease with which
chlorophylls are removed from cells varies considerably with different algae and may not be
necessary in our situation. Clarification of the extract was not done in order that chlorophyll
data from year to year would remain comparable.
We are currently investigating the possibility of reversing Note #1and will compare different
pigment extraction techniques (tissue grinding and bath type sonification).
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F7.4 CHAIN OF CUSTODY FORMS
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