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Background
Thurston County has several lakes that experience moderate to severe blue-green algae blooms
each year. It is typical for these blooms to include a variety of blue-green species including
those documented to be microcystin producers such as Microcystis, Anabaena, and Oscillatoria.
In 2010, five Thurston County lakes had blue-green blooms with microcystin toxin present
(Pattison, Black, Lawrence, Long, and Deep). These blooms resulted in issuance of public
health advisories limiting recreational uses of the lakes for several weeks. On Black and Pattison
Lakes, toxin levels were above the recreational guideline level of 6 ug/L microcystin. Prior to
2010 there were only two documented toxic blooms, Lawrence in 2004 and Lake St Clair in
2009. The frequency of toxic algae blooms appears to be increasing in Thurston County lakes.
Out of concern for the increasing occurrence of toxic blooms, the County applied for and
received a grant from the Washington State Department of Ecology, Freshwater Algae Control
Program to address the issue. The grant contract period was from March 28, 2011 to December
31, 2012.
There were three tasks in the grant contract for this project. The first task was project
administration and management, which included financial accounting and preparation of
progress reports and a final report. The second and third tasks were to develop an effective
communication system to notify lake residents and users when a toxic bloom occurs, and to use
in situ composite-type samplers, called SPATT bags (solid-phase adsorption toxin tracking), in
combination with grab samples to compare microcystin concentrations using the different
sampling methods. This project focused on the five lakes listed above that had previously
documented toxic blooms, but was expanded to include any public access lakes where a
documented toxic bloom was occurring during the project period.
Task 2: Develop and Implement a Toxic Algae Advisory Communication System
The goal of this task was to develop an effective communication system to enable the County
to notify lake residents and lake users within a day of identifying that a toxic bloom is
occurring. The targeted methods of informing people included phone and email networks of
lake residents, homeowners and lake associations and lake users; posting of signs at key
locations; and use of a website to post toxic algae advisories. The County also planned to
identify people living on the various lakes who were willing to serve as an algae watch group.
The watch group would be requested to notify the County when a bloom was occurring and, if
willing, to collect and deliver lake samples for toxin screening when needed.
Activities specified in the grant contract under this task are as follows:
1.
2.
3.
4.
5.

Database of citizen and business contact information on 5 lakes
List of lake resident volunteers to serve as an algae bloom watch group
Acquire 12 A-frame sign boards
Map of advisory posting locations for 5 lakes
Create toxic algae advisory website
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Citizen Contacts and Lake Watch Volunteers
In order to develop an effective communication system to notify lake residents and users when
a toxic bloom occurs, a phone and email list of contacts was created. Contact information was
entered into an electronic spreadsheet file, which was located on a shared network drive within
the Environmental Health Division. A separate sheet was created for each of the five Thurston
County lakes that had toxic blue-green algae blooms in 2010; Pattison, Black, Lawrence, Long
and Deep Lakes. Initially, interested lake residents and homeowners association contacts
already known to Environmental Health and the Resource Stewardship Department, Water
Resources Division were entered into the spreadsheets.
Email groups were also set up on the County email system for each of the five lakes to
facilitate the sending of mass emails to lake residents and users, media, and county contacts as
a means to dissemenate blue-green algae bloom information.
After the initial communication system was established, project staff sent emails to individuals
on the contact list and letters to lake associations in September 2011. The purpose of the
communication was to solicit additional names and contact information of people interested in
receiving information on toxic algae blooms and volunteers for the lake watch group. An
additional goal was request suggestions for locations in communities to place toxic algae
warning signs when needed. Recipients of emails and letters were asked to share this
information with neighbors and anyone they thought would be interested. An example of
email communications and a letter are located on pages 3 and 4, respectively.
Response to the initial email was very good. The Black Lake group email prompted numerous
residents and a group called Save Black Lake to sign up. It was clear that the initial contacts
had forwarded the County message on to others, who in turn forwarded it on to yet others.
This generated many return emails to us with questions and volunteers for the lake watch
activities, such as sample collection, sign posting and forwarding advisory information on to
others. Names, addresses, phone numbers, and affiliations were collected from those return
emails and entered on the contact lists. Letters to Homeowner Associations were less
effective. Some homeowners’ associations preferred to keep their members list private and
forward messages from the County to their members.
A separate volunteer email group was also created on the County email system for each lake.
During the project period when the County became aware of a blue-green bloom occuring on a
lake, that lake’s volunteer group was sent messages asking them to watch the lake and report
their observations, collect samples, or post and remove advisory signs.
An Algae Watch Volunteer Sign Up Sheet was also created to take to Lakes Groups or Lakes
Management Advisory meetings so that people could sign up to volunteer for lake watch
activities if interested (page 8).
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Example Email Message

Greetings,
Thurston County Environmental Health is looking for Algae Watch Volunteers
as part of the Thurston County Blue Green Algae Toxin Monitoring & Response
project. Blue Green algae can become toxic and can be a human health
concern as well as a pet concern. We would like people to become aware of it
as soon as possible when it occurs. Information about blue-green algae can
be found on our website. We have developed a Algae Watch Volunteer sign
up sheet on the Swimming page on the website. The link to the swimming
page can be found below.
http://www.co.thurston.wa.us/health/ehadm/swimming/swimming_index.html
You can get to the sign up sheet on the left hand side of the swimming page
by clicking Blue-Green Algae. After you read about blue-green algae, go down
towards the bottom of the page to the Volunteer for Lake Watch heading and
click "attached sign up form" to access the Algae Watch Volunteer Sign Up
Sheet.
Volunteer Activities Include
1. Notify us, by email or phone, when you see an algae bloom
2. Take samples and deliver to our office in Olympia
3. Post warning signs in your neighborhood
4. Distribute toxic algae alerts to your neighbors
You have received this email because you are already on our contact list. If
you are interested, please fill out the form and either mail or email it to me.
Or, if you know of others who may be interested, please feel free to forward
this email on. I can be reached by phone Monday through Thursday at 8672645.
Thanks!
Cathy Hansen
Thurston County Environmental Health Division
2000 Lakeridge Drive SW
Olympia, WA 98502
(360) 867-2645
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Example Letter to Homeowners’ Association
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During the project period, communication systems expanded to include residents and lake users
on four additional lakes after blue-green algae blooms occurred on those lakes: Clear, Hicks, St.
Clair and Ward. The communication system was used to share toxin testing results and advisory
information. Once again, as people shared the messages from the County, the contact lists grew.
Lakes which now have email communication and volunteer networks established are shown
below (Table 1). The Email contacts include lake residents and lake users as well as county
staff, public information officers, and media.
Table 1. Number of Email Contacts and Lake Watch Volunteers.
Number of Lake Watch
Lake
Number of Email Contacts
Volunteers
Black
34
6
Clear
19
2
Deep
15
2
Hicks
14
1
Lawrence
38
2
Long
39
13
Pattison
23
4
St. Clair
26
3
Ward
36
6
TOTAL
244
39

Toxic Algae Advisory Website
A page on the topic of swimming was created on the Thurston County Public Health and
Social Services website in the Environmental Health section entitled Swimming in Thurston
County. The page can be seen at
http://www.co.thurston.wa.us/health/ehadm/swimming/swimming_index.html
Features included on the Swimming in Thurston County page are two boxes outlined in red.
The dotted red outlined box contains critical updates with a link to Thurston County News
Releases. The solid red outlined box contains Thurston County Toxic Blue-Green Algae
Advisories where visitors can readily see information on lakes that have advisories and the date
advisories were issued. A picture of the advisory sign used is shown in the box. A Contacts
box is located to the right with a phone number that citizens can call to report an algae bloom
or swimming-related illness. There are several sections on the page with information on
County swim beaches, Capitol Lake, swimming illnesses and hazards, and other resources and
information.
A “more” link in Swimming Illnesses & Hazards section takes the visitor to the Swimming
Illnesses & Hazards page. The dotted red outlined box with critical updates is also on this page
as well as the Contacts box on the right. In the What’s in the Water? Section, the visitor can
either click on the Blue-Green Algae title or the “more” link and go to the Blue Green Algae
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page. The solid red outlined box containing the Thurston County Toxic Blue-Green Algae
Advisories can also readily be seen on this page. The sign showing the type of advisory
(Caution, Warning, Danger) is shown with a clickable link to see a larger version of the sign.
The sign can be printed and laminated and posted. This has been done on Black Lake and
Clear Lake by park managers and homeowners’ association personnel. Visitors can read about
blue-green algae and toxic algae blooms, who is at risk, symptoms of exposure to toxins and
preventing exposure. The volunteer section is next with an “attached sign up form” link to an
electronically submittable form.
The Blue-Green Algae webpage is shown on the following page. The electronically
submittable Algae Watch Volunteer form can be found on page 9.
As of the end of October 2012, there have been 2224 visits on the Blue-Green Algae Page
since September 2011 and 152 visits to the Volunteer Form. There were 466 visits to the
larger version of the Warning sign.
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Sign up form on webpage
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Toxic Algae Advisory Signs
The selection of appropriate and effective advisory sign locations was challenging. Some lakes
are very populated and have dozens of neighborhood access points where individual
waterfront residents and the public could access the lake from their own property or established
community and public access facilities, or locally-used private properties. Some lakes require
dozens of signs in order to cover all possible private and community accesses. It was
necessary to prioritize locations where signs would be an effective communication tool, i.e.,
where signs would be clearly visible to lake users and residents. During multiple lake toxic
algae events, the posting and maintenance of advisory signs would exceed the department’s
staff capacity. As a result, the approach to sign posting evolved to be considered one tool in
the whole communication network toolbox, rather than the only approach to alerting people to
toxic algae advisories. The department also realized that assistance from volunteers to post
their neighborhood beaches, private resorts, or local streets was essential.
Potential sign locations were identified using maps, and then the sites were either retained or
dismissed based on field reconnaissance. A posting location was considered suitable if it could
alert a segment of the population who may not receive the advisory information in some other
way and a sign posted at that location would be noticed and could be easily read. Once the
posting locations were determined, they were divided and mapped in two groups based on
where volunteers would be asked to post and maintain signs or where the department would be
responsible for posting.
This work resulted in two maps for each lake (except Deep and Lawrence Lakes). One map
shows posting locations where department staff would post signs and one shows where
volunteers would be needed (See Figures 1- 8). Maps and location descriptions are saved on a
shared drive that department staff can access as needed. The maps and location descriptions
are shown on the pages that follow.
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Figure 1. Black Lake County Sign Posting Locations.
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Figure 2. Black Lake Volunteer Sign Posting Locations.
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BLACK LAKE
Advisory Sign Site Descriptions
# on map/
# of signs

Location
West Side

1/1

Black Lake Grocery – 4409 Black Lake Blvd.
Post at entrance to beach access across street
Email Grocery owner, he has sign and will post

V4/1

Salmon Shores – 5446 Black Lake Blvd.
Gave to manager, Email, they will post at beach

V3/3

Columbus Park – 5700 Black Lake Blvd.
Gave to manager. Email, he will post

V1/2

Evergreen Shores Beach Club House – 7540 Lakeside St.
Gave to manager. Email, he will post

V2/1

62nd/Blk Lk Blvd sign with arrow for homes south of 60th/Guerin St.
Email Bob Owen, he has sign and will post
East Side

V5/1

Timberline Mobile Estates – 4707 Black Lake Belmore Rd. Space 62
Gave to manager. Email, he will post at community beach

V6/1

Lakeland Manor Community Beach – at end of 60th Ave SW
Gave to manager. Email, he will post at beach

V7/2

Black Lake Bible Camp – 6521 Fairview Rd. SW
Gave to manager. Email, he will post at beach

V8/3

P1

Kenneydell County Park – 6745 Fairview Rd. SW
A-Frame - Post near big wood sign at path to beach & at beach near other sign
Email Dalton Johnson, Thurston County Parks, he will post

2/3

P1

WDFW Boat Launch (south of Kenneydell)
Post one near entrance & two on either side of beach

NOTE: P1 = priority sign posting sites
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Figure 3. Deep Lake Volunteer Sign Posting Locations.
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DEEP LAKE
Advisory Sign Site Descriptions
# on map/
# of signs
V6/1
V1-5/5

Location
Deep Lake Resort – 12405 Tilley Rd.
Call first and give to manager, he will post
P1 Millersylvania State Park –
Give to park ranger, he will post
3 (A Frames) for 2 swim beaches & boat launch
1 (A Frame) for entrance to park at check in 1 for picnic area parking lot on left
just off Tilley

NOTE: P1 = priority sign posting sites
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Figure 4. Lawrence Lake Volunteer Sign Posting Locations.
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LAWRENCE LAKE

Advisory Sign Site Descriptions
# on map/
# of signs
V1/1

P1

Location
WDFW Boat Launch – end of Pleasant Beach Rd.
A Frame, Chain to gate at entrance.

V2/1

A-Frame on Pleasant Beach Dr.
Pleasant Beach Community Park
Give to manager, email and he will post

V3/2

Lawrence West Community Club – off Lindsay Rd.
Give to manager, email and he will post

V4/1

Scenic Shores Community Park/Dock
Gave to park manager, email and he will post sign at launch

V5/1

Healy Park – Wildaire Dr. SW – go to end of road.
Post sign at chain link fence entrance. Give to volunteer

NOTE: P1 = priority sign posting sites
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Figure 5. Long Lake County Sign Posting Locations.
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Figure 6. Long Lake Volunteer Sign Posting Locations.
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LONG LAKE

# on map/
# of signs

Advisory Sign Site Descriptions
Location
West Side

V4/1

Timberlake entrance Carpenter/Timberlake Dr.
Place at entrance as road goes left or right
Gave to volunteer, email and will post

V6/1

Timberlake - Community Access
End of Timberlake Ct. (south side)
Gave to volunteer, email and will post

V5/1

20th Ave. SE (Firwood has lake access from strip of land south of 20th)
Entrance to 20th Ave. SE
Gave to volunteer, email and will post

V3/1

Holmes Island Rd./Carpenter
@25 mph sign before Patricia Ct.
Gave to volunteer, email and will post

2

P1

Lacey Parks/Long Lake Swim Beach
Gave to Jason Simmonds, Lacey Parks, email and he will post

1/1

P1

WDFW Boat Launch
Post at launch

V1/1

Entrance to 32nd
Place at entrance near dead end sign
East Side

V7-9/3

Lake Forest Park Entrances
Lake Forest Dr.
N. place near center island; & S. place after island @ 25mph sign
Lake Forest Park Community Access at Carnegie Dr/Walthew Dr.

V10/1

Kyro Rd. SE
Place near 4118 to 4242; 4010 to 4114 sign where road splits
Gave to volunteer, email and will post

V11/2

Entrance to Afflerbaugh Dr. SE
Place at 25 mph sign just after turning onto Afflerbaugh
Gave to volunteers, email and will post

NOTE: P1 = priority sign posting sites
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Figure 7. Pattison Lake County Sign Posting Locations.
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Figure 8. Pattison Lake Volunteer Sign Posting Locations.
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PATTISON LAKE

Advisory Sign Site Descriptions
# on map/
# of signs

Location
North Basin

1/1

Rumac St. SE/Mullen Rd. SE
A-Frame on 25mph sign across from 4821 Rumac

2/1

Carpenter/Mullen (North & South)
A-Frame on 25 mph sign across from 4720/4722 Carpenter Rd. SE duplex

V1/2

Lakepointe Subdivision
Compton Dr. SE Community access. Place at 2 entrances of chain link fence
South Basin

V2-3/2

Fair Oaks Rd. SE
1. post in front of wood pole across from 7635
2. place near path to RR tracks – next to 7308 Fair Oaks
Gave to volunteer, email and he will post

V4/1

Kelly Beach Rd. SE
Place in front of wood pole across from 7935 Kelly Beach
Gave to volunteer, email and he will post

V5/1

Mirror Ct. off 68th SE
Community waterfront area (South Cove Homeowners)
Gave to volunteer, email and he will post

3/1

58th/Kagy Rd. SE
Place in front of 25 mph sign on 58th just west of Kagy

4/1

P1

WDFW Boat Launch off 58th SE
Place in front of Red No Parking beyond this sign

NOTE: P1 = priority sign posting sites
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Sign Boards, Posts and Materials
After identifying appropriate locations to post advisory signs it was determined that some sites
were suitable for signs on step-in or hammer-in stakes, while in other locations it was not
practical to use signs on posts. Where posts could not be used, it was determined that A-frame
sign boards was the best option, but they would need to be secured to prevent theft or vandalism.
There were nine sites where A-frame sign boards were needed and twenty-eight sites where sign
posts were needed.
A-frame sign boards and cable/locks to secure them to poles were purchased. The A-frame signs
and the advisory signs were fitted with heavy duty Velcro. Holes were drilled on the back of the
A-frames to accommodate a cable/lock. Advisory signs were also fitted to the step-in posts with
nuts and bolts. Zip ties were also planned to be used to post signs on fix structures, like gates.
A picture of the A-frame sign board is shown below (Figure 9). Pictures of finished signs posted
in the field are shown on the following two pages (Figures 10 – 13).

Figure 9. A-frame sign board with cable lock and attachment.
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Figure 10. Advisory sign set up on A-frame sign board.

Figure 11. Advisory sign on step-in post.
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Figure 12. Advisory sign near entrance to public boat launch.

Figure 13. Advisory sign zip-tied to fence at public launch.
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Task 3: Comparative Microcystin Monitoring
The goal of this task was to develop a sampling method using in-situ composite samplers called
SPATT (solid- phase adsorption toxin tracking) samplers to improve the likelihood of identifying
the presence of microcystin toxin and to generate data that reflects time-averaged toxin
concentrations in the lake. The SPATT-acquired microcystin results were to be compared with
the results obtained by conventional grab sampling and with the state advisory level (6 ug/L) to
evaluate the method’s application for assessing public health risk.
The reason for pursuing an alternative method of algae toxin sampling is because grab sampling
produces highly variable and unpredictable results due to the unequal distribution of algae cells
and toxin in a lake during a bloom. Algae and toxin are moved by wind, water currents, and
recreational activities. They also move vertically in the water column. Microcystin levels in
Thurston County lakes and in other state lakes show a high degree of temporal and spatial
variability. In 2010, toxin concentrations in Lawrence Lake samples ranged from 182 ppb on
October 5th to 1.57 ppb on October 12th to 585 ppb on October 19th. Grab samples can miss the
presence of biotoxin, or seriously under estimate concentrations and the degree of public health
risk associated with a bloom. A sampling method that improves the likelihood of identifying the
presence of toxin and better reflects the lake-wide toxin concentrations and risk to public health
is needed.
This task was done in partnership with the King County Environmental Lab (KCEL) in Seattle
through an interagency agreement. The services provided by KCEL included: 1) development of
a SPATT extraction method for microcystin based on existing literature, and 2) analysis of
freshwater grab samples for microcystin and extraction and analysis of field-deployed SPATT
samplers for microcystin. KCEL staff also provided assistance with SPATT sampler assembly
and method validation through a series of lab exposures.
A quality assurance project plan (QAPP) for this task was prepared by project staff and approved
by Ecology in July 2011.
Lab Method Development
Before any field sampling could begin, the adsorption material needed to be selected, the rate at
which microcystin adsorbs to the material under controlled conditions determined, and an
extraction and analysis procedure developed. KCEL completed that work during the first three
months of the project (See Appendix A).
Field Study
The field study design included the following activities to be completed on two lakes (one lake in
2011 and the second in 2012):
1. Deploy, and retrieve, composite SPATT samplers at two lake sites at a depth of two feet
once a week for an 8-week period during the summer season when algae production is
typically high, total 32 SPATT samples;
2. Collect grab samples of lake water from a depth of approximately one-half foot at the
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same time and location as the SPATT samplers are deployed and/or retrieved each week,
total 36 water samples;
3. Collect grab samples for algae identification following the same process as the
microcystin grab samples;
4. Measure secchi disk depth; and
5. Record lake and field conditions and sample collection information on the project field
sheet at the time of sample collection and SPATT deployment.
Black Lake was sampled during the 2011 summer season, and Lawrence Lake was sampled
during the 2012 summer season. These two lakes were selected because they both had
documented microcystin-producing algae blooms within the two years preceding the project.
Both lakes are eutrophic, and experience excessive rooted-plant and algae production. Both
lakes are popular, heavily used recreation lakes that include activities such as fishing, swimming,
boating, water sports, and annual hydroplane races. Each lake has full-time and seasonal
lakeshore residences residences on the lakeshore.
SPATT samplers were deployed using an anchored buoy with the sampler suspended
approximately one to two feet below the lake surface in a wire cage attached to the anchor line.
The samplers were deployed off docks at a distance of 10 to 40 feet from shore. Figures 14
through 17 show the buoy and anchor system used.

Figure 15. SPATT ready to be deployed.

Figure 14. Buoy and anchor system with
SPATT in wire cage.
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Figure 16. SPATT sampler deployed in Black Lake.

Figure 17. SPATT and grab samples on Lawrence Lake.
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Black Lake 2011 Results
SPATT and grab samples were collected weekly at Black Lake from August 1 to September 26,
2011. Black Lake is approximately 2.4 miles long and 0.4 miles wide. It is oriented lengthwise
in a predominantly north-south direction, so the prevailing southwest winds play a major role in
distribution of algae and any associated toxins. The two locations where SPATT samplers were
deployed and the grab samples collected are shown on the map below.
Microcystin concentrations recovered from the SPATT samplers and grab samples, and the field
conditions observed at the time of sample collection are reported in Tables 2 and 3 on the
following page. The algae in each week’s sample were identified (See Appendix B).

Figure 18. Locations of SPATT samplers on Black Lake.
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Table 2. Black Lake - East Site SPATT study microcystin results.
BLACK LAKE - EAST SITE
Week

Date
collected

Time

Water
µg/L

SPATT
µg/L-extract

SPATT
µg/g-resin

Secchi

0
1
2
3
4
5
6

08/01/2011
08/08/2011
08/15/2011
08/22/2011
08/29/2011
09/06/2011
09/12/2011

12:20
10:40
13:20
11:45
11:50
11:00
12:00

<MDL
<MDL
<MDL
<MDL
<MDL
0.053
<MDL

5.958
9.453
9.426
8.095
9.947
13.777

0.0497
0.0788
0.0786
0.0675
0.0829
0.1148

1.26 (bottom)
1.16 (bottom)
1.14 (bottom)
1
1.22
1.23
1.31 (bottom)

7
8

09/19/2011
09/26/2011

11:30
10:20

<MDL
<MDL

18.584
16.973

0.1549
0.1414

1.29 (bottom)
1.36 (bottom)

Algae
Density
Slight
Slight
Slight
Slight
Slight
Slight
Slight
Moderate;
Slight scum
Moderate

Weather
Sunny, 70's, lt breeze
Cloudy, 59 degrees, calm
Partly sunny, lt no. wind
Mostly cloudy, moderate SW wind, 70's
Cloudy, 60's, moderate S breeze
Sunny, 65 degrees, slight S breeze
Cloudy, 65 degrees, slight S breeze
65 degrees, slight breeze
Rain, 55 degrees, Windy from south

Table 3. Black Lake - West Site SPATT study microcystin results.
BLACK LAKE - WEST SITE
Date
collected

Time

Water
µg/L

SPATT
µg/L-extract

SPATT
µg/g-resin

0
1
2

08/01/2011
08/08/2011
08/15/2011

13:05
10:10
14:50

<MDL
0.050
<MDL

9.399
14.384

0.0783
0.1199

1.63 (bottom)
1.64 (bottom)
1.64 (bottom)

Slight
Slight
Slight

3
4
5
6

08/22/2011
08/29/2011
09/06/2011
09/12/2011

11:10
10:15
10:15
11:15

<MDL
<MDL
<MDL
<MDL

20.544
19.398
29.461
28.335

0.1712
0.1617
0.2455
0.2361

1.7 (bottom)
1.71 (bottom)
1.76 (bottom)
1.77 (bottom)

7
8

09/19/2011
09/26/2011

10:45
9:45

<MDL
<MDL

19.579
16.975

0.1632
0.1415

1.85 (bottom)
1.68

Slight
Slight
Slight
Slight
Moderate;
Slight scum
Moderate

Week

Secchi

Algae
Density

Weather
Sunny, 70's. lt breeze
Cloudy, 59 degrees, calm
Partly sunny, lt no. wind
Mostly cloudy, moderate SW wind,
70's
Cloudy, 60's, moderate S breeze
Sunny, 65 degrees, slight S breeze
Cloudy, 65 degrees, slight S breeze
65 degrees, slight S breeze
Rain, 54 degrees, Windy from south

Note: Method detection limit (MDL) for water was 0.05 µg/L and 0.000417 µg/g resin for SPATT extracts.
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During the eight-week period of study on Black Lake only two of eighteen grab water samples
had detectable levels of microcystin, week 1 at the west site and week 5 at the east site.
Concentrations in each water sample were just above the detection level at 0.05 µg/L.
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8/25
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Toxin in Sampler (µg/g resin)
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However, microcystin was recovered from every SPATT sampler in concentrations that ranged
from 0.0497 to 0.2455 µg/g of resin. Results from the grab samples and the SPATT samples are
graphed below (Figure 19).

10/4

2011 Data

Figure 19. Black Lake microcystin results.

In order for the microcystin concentrations adsorbed to the SPATT resin to be compared to the
established recreational advisory limit of 6 ug/L, values need to be converted from the
concentration measured in the resin extract to an estimated concentration in lake water. To
achieve that, a two-step calculation was used.
Step 1. Convert ug/L in the extract to ug/g resin with the following formula:
ug/g-resin = (ug/L-extract x 0.025L extract-vol ) / 3 g-resin
where the extract volume is 0.025 L and there are 3 g of resin per sampler.
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Step 2. Calculate the estimated average concentration in the lake water based on the
amount adsorbed to the SPATT resin using the following formula:
µg/L estimated in the lake water = 3g x (µg/g-resin/1.5L/day) / 7 days
where the assumption is that ~1.5 L of water was cleared of toxin by the sampler
per day and the sampler was deployed for 7 days.
It is important to note that these calculations are based on a coefficient determined
during lab exposures and therefore yield a very rough estimate of actual water
concentrations experienced by the sampler during deployment.
Using microcystin concentrations recovered from SPATT samplers, the estimated amounts of
toxin in Black Lake water during the eight-week test period is compared with grab sample results
(See Table 4).
Table 4. Black Lake microcystin concentrations as predicted from SPATT samplers and
measured in grab samples.
Black East Site
Black West Site
Duration
Calculated
Grab Sample
Calculated
Grab Sample
SPATT
Week
Concentration Concentration Concentration Concentration
Deployed
µg/L
µg/L
µg/L
µg/L
(days)
0
1
2
3
4
5
6
7
8

0.014
0.023
0.022
0.019
0.021
0.038
0.044
0.040

<MDL
<MDL
<MDL
<MDL
<MDL
0.053
<MDL
<MDL
<MDL

0.022
0.034
0.049
0.046
0.061
0.079
0.047
0.040

<MDL
0.050
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL

7
7
7
7
8
6
7
7

All but two (weeks 5 and 6, West Site) of the calculated microcystin concentrations were below
the method detection level of 0.050 µg/L. The SPATT sampler results showed that the toxin was
present and could be adsorbed onto the resin even when the concentration in the water was below
the MDL for grab samples.
During the September 19th sample event (week 7), project staff observed a slight algae scum
along the shoreline near the east site. A sample of the shoreline scum was collected and sent to
KCEL for analysis along with the grab sample from the SPATT site off the dock. The algae
scum sample had a microcystin concentration of 13.9 µg/L while the grab sample from the
SPATT project site, collected off the dock at a depth of about six inches, was below the MDL.
The estimated lake concentration from the SPATT was 0.044 µg/L. Weekly (8) samples of nearshore algae scum collected between September 19 and November 28, 2011 at various locations
around the lake had low level, microcystin concentrations. One result was below the MDL, but
the others ranged from 0.0525 to 13.9 µg/L. Two sample results were above the 6.0 ug/L
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microcystin advisory level (7.7 µg/L on October 13 on the west shore and 13.9 µg/L on
September 19 on the east shore). A health advisory was issued on September 28th, and was lifted
on November 22, 2011. Toxin results from the near-shore sampling are reported in Appendix C.
Lawrence Lake 2012 Results
SPATT and grab samples were collected weekly at Lawrence Lake from August 21 to October
16, 2012. Lawrence Lake is a shallow, eutrophic lake with two distinct basins. SPATT
samplers were deployed and grab samples were collected at two locations (Figure 20). Both sites
were located at the end of docks 30 to 40 feet from shore. Figures 21 and 22 show the sample
sites.
Microcystin concentrations recovered from the SPATT samplers, microcystin results from the
grab samples, and the field conditions observed at the time of sample collection are reported in
Tables 5 and 6. Algae in weekly samples were identified (See Appendix B).

Figure 20. Locations of SPATT samplers on Lawrence Lake.
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Figure 21. Lawrence Lake North Site.

Figure 22. Lawrence Lake South Site.
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Table 5. Lawrence Lake - North Site SPATT study microcystin results.
LAWRENCE LAKE - NORTH SITE
Week
0
1
2
3
4
5
6
7
8

Date
collected

Time

08/21/2012
08/28/2012
09/04/2012
09/11/2012
09/18/2012
09/25/2012
10/02/2012
10/09/2012
10/16/2012

Water
µg/L

SPATT
µg/L-extract

SPATT
µg/g-resin

<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL

4.574
2.035
2.641
1.706
2.112
2.335
2.807
4.956

0.0381
0.0170
0.0220
0.0142
0.0176
0.0195
0.0234
0.0413

Algae
Density

Secchi
1.05 (bottom)
1.0 (bottom)
1.03 (bottom)
1.0
0.93 (bottom)
0.87 (bottom)
1.0 (bottom)
0.85 (bottom)
0.82 (bottom)

Slight
Slight
Slight-Mod
Moderate
Slight
Slight
Moderate
Moderate
Moderate

Weather
Cloudy, 66 degrees, slight breeze
West breeze, 65-70 degrees
Sunny, 65, slight breeze
Sunny, 53, slight breeze
Sunny, 70, light breeze
Cloudy, 57, breezy
Mostly sunny, 60, slight breeze
Overcast, 43, calm
Part Sun, 55, SW wind

Table 6. Lawrence Lake - South Site SPATT study microcystin results.
LAWRENCE LAKE – SOUTH SITE
Week

Date
collected

Time

Water
µg/L

SPATT
µg/L-extract

SPATT
µg/g-resin

Secchi

0
1
2
3
4
5

08/21/2012
08/28/2012
09/04/2012
09/11/2012
09/18/2012
09/25/2012

<MDL
<MDL
<MDL
<MDL
<MDL
<MDL

5.709
3.529
3.099
2.814
3.806

0.0476
0.0294
0.0258
0.0235
0.0317

1.10 (bottom)
1.10 (bottom)
1.06 (bottom)
1.03 (bottom)
0.97 (bottom)
0.93 (bottom)

6
7
8

10/02/2012
10/09/2012
10/16/2012

<MDL
<MDL
<MDL

2.641
3.430
6.592

0.0220
0.0286
0.0549

0.92 (bottom)
0.90 (bottom)
0.90 (bottom)

Algae
Density
Slight
Moderate
Slight-Mod
Moderate
Slight
Slight
Moderate;sl.
scum near
shore
Moderate
Moderate

Weather
Mostly cloudy, 66 degrees, sl.breeze
Sunny, 65 degrees, westerly breeze
Sunny, 65, slight northerly breeze
Sunny, 53, slight breeze
Sunny, 53, light breeze
Cloudy, 57, slight breeze

Partly sunny, 55, slight breeze
Overcast, 50, calm
Part Sun, 55, SW wind

Note: Method detection limit (MDL) for water was 0.05 µg/L (except weeks 6 and 7 when water MDL was 0.16), and 0.000417 µg/g resin for
SPATT extracts.
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During the eight-week period of study on Lawrence Lake all eighteen grab sample results were
below the MDL. Microcystin was recovered from every SPATT sampler at both sites.
Concentrations ranged from 0.0170 to 0.0549 µg/g of resin. Results from grab samples and
SPATT samplers are shown below (Figure 23).

2012 Data

Figure 23. Lawrence Lake microcystin results.
Using microcystin concentrations recovered from SPATT samplers, estimated amounts of toxin
in Lawrence Lake water during the eight-week test period are compared with grab sample results
below (Table 7).
Table 7. Lawrence Lake concentrations as predicted from SPATT samplers and measured in
grab samples.
Lawrence North Site
Lawrence South Site
Duration
Calculated
Grab Sample
Calculated
Grab Sample
SPATT
Week
Concentration Concentration Concentration Concentration
Deployed
µg/L
µg/L
µg/L
µg/L
(days)
0
1
2
3
4
5
6
7
8

0.011
0.005
0.006
0.004
0.005
0.006
0.007
0.012

<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL

0.014
0.008
0.007
0.007
0.009
0.006
0.008
0.016
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<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL
<MDL

7
7
7
7
7
7
7
7

All of the calculated microcystin concentrations were well below the method detection limit of
0.050 µg/L for grab samples. In 2012, there was no significant algae bloom reported on
Lawrence Lake. Only one near-shore sample was collected and analyzed through the Ecology
toxic algae program; with result below the MDL.
Conclusions
This project successfully demonstrated that SPATT samplers can detect low levels of
microcystins in temperate lakes in Washington. The accomplishments of this study were 1)
selection of a suitable adsorption material for microcystin through literature reviews and lab
bench tests, 2) development of field deployment system for SPATT samplers, and 3)
development of laboratory procedures for microcystin extraction and analysis from SPATT
samplers.
Microcystin present in lake water can be concentrated by SPATT samplers to the degree that it
can be measured even when it is not detectable in grab samples. These samplers could thus be
helpful to track the onset of a bloom. Both lakes experienced low microcystin levels during the
study period. Additional work is needed under more varied algae bloom and toxin production
conditions to draw further conclusions about the relationship between microcystin concentrations
measured by SPATT samplers compared to grab samples. Things to consider for future studies
include whether changes to the length of SPATT deployment are needed under different bloom
intensities, whether SPATT locations sited closer to the shore and to the lake surface may
improve toxin collection, and whether use of SPATT samplers for more extended periods may
provide insights to toxin production patterns and cycles on specific lakes.
Sampling algae toxins is challenging. Because algal blooms are so heterogeneous in lakes, they
are literally a “moving target”. The near-shore grab sample collected near the Black Lake East
site on September 19, 2011 showed that the highest concentration of toxin was associated with a
shoreline surface scum. Black Lake SPATT samplers captured a gradually increasing toxin level
throughout the eight-week study period; however, no sample was over the recreational health
advisory level of 6 ug/L microcystins. A health advisory was issued for Black Lake just after the
eight week study period ended, based on concentrations in a near-shore algae scum sample.
Predicting toxic blooms using SPATT samplers may be possible with further refinement of the
field sampling protocol, but further study needs to be done.
With regard to assessing acute public health conditions, SPATT samplers may not be the best
method. SPATT samplers adsorb microcystin in the water. When grab samples are collected,
both whole algae cells as well as toxin in the water are captured. Those samples are then frozen
to break open the cell walls and release the toxins contained in the algae cells before being
analyzed. As a result, a grab sample would be expected to have higher toxin results than the
estimated concentration from a SPATT sample exposed to the same lake water if the algae
bloom is not in a state of die-off. Considering humans and animals exposed to lake water would
likely ingest both free toxin as well as algae cells containing toxin, the grab sample would more
accurately reflect the true health risk at that moment when the sample was collected than would a
SPATT sample.
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SPATT samples are of particular benefit in assessing very low concentrations of microcystins.
Chronic public health conditions such as tumor promotion or liver damage following long-term
exposure to microcystins may be assessed in water bodies where typical grab samples would
miss detecting concentrations. SPATT sampling may prove to be of help in determining patterns
of bioaccumulation in biota such as fish that live in lakes with toxic blooms, particularly as
methods for detecting microcystins in tissue are improved.
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APPENDIX A

SPATT Exposure and Extraction Method Development 2011

INTRODUCTION
The present study was undertaken in support of Thurston County Environmental Health Department’s
SPATT program funded through the Department of Ecology Freshwater Algae Control Program. KCEL
has contracted to determine optimal exposure times and develop an organic extraction method for
SPATT samplers based on existing literature and laboratory exposure experiments.
Solid Phase Adsorption Toxin Tracking Technology (SPATT) is gaining recognition as a valuable tool
to aid in the assessment of biotoxin levels in aquatic systems where conventional grab samples yield
limited information for the development of risk assessments (MacKenzie et al. 2010). Studies by
MacKenzie et al. (2004) showed that SPATT coupled with appropriate analytical techniques is a
sensitive monitoring tool that shows promise as an early warning method in the monitoring of marine
and freshwater microalgal toxins. Because it simulates the process of bioaccumulation in filter feeding
bivalves passive sampling technology is of particular interest for the monitoring of contamination from
lipophilic toxins in marine shellfish (MacKenzie et al. 2004, Fux et al. 2008, Li et al. 2010); yet given
the rising concern over cyanobacterial toxins, the technology is receiving increased attention as a
valuable sampling tool in freshwater systems as well. A few studies have examined the suitability of
various adsorbents and membranes as passive samplers for the cyanobacterial toxins microcystin
(Kohoutek et al. 2008, 2010) and anatoxin-a (Wood et al. 2008).
DIAION HP20 is a synthetic, porous aromatic resin manufactured as spherical particles with large
surface area and fine pore structures inside the particle that act as molecular sieves. HP20 particles are
ca. 250 µm in diameter with a pore radius >20 nm and can effectively adsorb organic compounds from
aqueous solutions. HP20 resin has been used primarily in marine systems for sampling of dissolved
lipophilic biotoxins (MacKenzie et al. 2004). In a notable study by Miller et al. (2010) HP20 samplers
were used in seawater to detect trace levels of microcystins of freshwater origen, thus providing a
crucial explanation for the death of sea otters from liver disease. Although HP20 resin has not yet been
widely used for the sampling of microcystins in freshwater systems, it is considered an appropriate
choice due to the lipohilic nature of these toxins (Alison Robertson, US FDA, pers. comm, Wood et al
2008).
Method Development Overview
Three laboratory exposure experiments were conducted in spiked Lake Washington water : 1)
preliminary exposure at ≤ 1 ug/L microcystins for general method development and testing, 2) seven
days at a target concentration of 5 µg/L microcystins, and 3) nine days at a target concentration of 1
µg/L microcystins. SPATT samplers consisting of HP20 resin held between layers of mesh were
suspended in lake water spiked with a toxic crude extract for up to 9 days. The resin was then extracted
with methanol and analyzed for microcystins using a commercial ELISA method. Methanol extraction
was optimized using a solid phase extraction setup.
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METHODS
A. Sampler assembly
SPATT samplers were assembled from the following components:
4” plastic embroidery hoops (Susan Bates 14399)
90 µm nylon mesh (Sefar Nitex # B0015H1GHS)
DIAION HP20 resin (Mitsubishi Chemical Corporation)
HP20 resin (3 g) was sandwiched between two layers of Nitex (6”x6”) and held into place by the hoop
(Rundberget et al. 2009, A. Robertson pers. comm.). The mesh was pulled as taut as possible in order to
distribute the beads in a thin layer.
B. Resin activation
Assembled samplers were activated by soaking in methanol for 15-20 minutes (Rundberget et al. 2009).
Samplers were then rinsed in distilled water and refrigerated in sealed ziplock bags.
C. Spike preparation
A natural sample from Lawrence Lake (collected 11/3/10 and frozen) was extracted and filtered through
glass wool, and this crude extract was then used as a spike for the experimental exposures. Microcystin
concentration measured in the Lawrence extract on 2/25/11 was 2266 µg/L.
D. Laboratory Exposures
Six or seven activated samplers were suspended in a covered plastic tub containing 10.5 L unfiltered
Lake Washington water spiked with Lawrence extract to the desired target concentration (Table 1, Fig.
1). In Exposures #2 and #3 toxin concentrations were adjusted daily or every other day and the water
was exchanged every other day. Air temperature was set to 18.5 oC in the environmental chamber;
measured water temperature was 17.2 oC. The water was under continuous aeration and fluorescent
illumination was provided on a 14:10 L:D cycle.
Individual samplers were removed daily or every other day, rinsed in distilled water and refrigerated in
sealed ziplock bags. Water samples (5 mL) were generally taken daily both before and after toxin
adjustments, immediately filtered (0.45 µm) and analyzed the same day or frozen for later microcystin
analysis using the Envirologix, Inc. (Portland, ME) high sensitivity ELISA kit.

Table 1. Summary of conditions for laboratory exposure tests.

Target concentration in water
Measured concentration in water
Toxin adjustment
Water change
Samplers
Total days

Exposure #1
(preliminary)
5 µg/L
0.46 – 5.83 µg/L
No
No
6
8

Exposure #2

Exposure #3

1 µg/L
0.39 – 1.18 µg/L
daily
days 2,4,6
7
7

5 µg/L
0.46 – 6.25 µg/L
daily (except day 6)
days 3,5,7
7
9

2

Fig. 1. Laboratory setup for SPATT exposures, showing seven samplers suspended in tub with Lake
Washington water and Lake Lawrence toxic crude extract.

E. Resin Extraction and Analysis
A few different extraction methods were tested. Best results were obtained using a solid phase
extraction set up and a procedure similar to Rundberget et al. (2009; see attached worksheet for detailed
protocol). Briefly, the resin was rinsed with distilled water, transferred quantitatively to an empty 15.0
mL polypropylene reservoir (Alltech 210315) fitted with a 20 µm polyethylene frit (Alltech 211412),
dried under mild vacuum pressure and extracted with 25 mL methanol (HPLC-grade) using a
combination of soaking (30 min) followed by slow drip (≤ 1 mL/min). Two additional 5 mL extractions
were performed to assess the method extraction efficiency. Over 99% of the toxin was removed with
the first 25 mL, indicating that this volume of methanol is sufficient for complete extraction (data
available upon request).
Extracts were either dried under a nitrogen stream (60 oC) and reconstituted in 5% methanol/water or
simply diluted with distilled water (final methanol concentration ≤5%) prior to analysis using the
Envirologix, Inc. (Portland, ME) high sensitivity ELISA kit. This assay measures predominantly the
microcystin-LR variant in its free form.
F. Quality Control
A method blank and two spiked resin samples were prepared as follows: 3 g resin were transferred to
empty reservoirs, activated with methanol, dried under vacuum, rinsed with distilled water, sealed and
refrigerated. During the soaking step of the methanol extraction procedure, microcystin-LR (Sigma)
spike was added to 2 of the 3 columns so as to yield a final concentration of 0.3 µg/L in the 25 mL
extract. A 5-mL aliquot of the extract was evaporated to dryness and reconstituted in 5%
methanol/water prior to analysis. Spike recoveries were 107% and no microcystin was detected in the
method blank (MDL = 0.05 µg/L).
In future quality control samples the procedure may be modified so as to allow the spike to adsorb to the
resin for several days prior to extraction.
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RESULTS
Exposure #1: This preliminary experiment was intended for general method development, i.e. to get a
sense for the affinity of the resin for microcystins dissolved in the water and to test various extraction
methods. The added toxin was quickly taken up by the samplers during the first two days (Fig. 2) as
evidenced by an exponential decline in the ambient microcystin concentration throughout the 8 days. It
is important to note that resin concentrations presented in Fig. 2 are tentative as the extraction method
was still being developed. The sampler with the highest toxin content was the one removed on day 6
(24.6 µg), indicating a mean of ca. 4 µg toxin adsorbed per sampler per day during the first 6 days;
during this time the mean ambient water concentration was 2.5 µg/L.
Fig. 2. Results for Laboratory Exposure #1. Toxic crude extract was added at the start only. Green
squares: Microcystin concentration in water. Blue circles: Microcystin extracted from SPATT samplers
exposed for 1-8 days (toxin concentrations in samplers are tentative).

Exposure #2: Water toxin levels during this exposure experiment remained below the target level of 1
µg/L (Fig. 3). This is because addition of crude extract involved estimating the amount of toxin
remaining after a 24 hour period based on prior data and the number of samplers left in the tub, yet these
concentrations were often underestimated.
Microcystin adsorption by the resin peaked on day 4. The toxin concentration in the sampler removed
from the tub on day 4 (14.1 µg) indicates a mean adsorption of ca. 3.5 µg toxin per sampler per day
during the first 4 days. Since during this time the mean ambient water concentration was 0.65 µg/L, the
sampler cleared the equivalent of 5.4 L of water per day during the first 4 days (days 1-4).
4

The amount of toxin in the samplers declined after day 4. The sampler deployed for 7 days contained
8.38 µg toxin, indicating a mean adsorption of ca. 1.2 µg toxin per sampler per day averaged over the 7
days. Since during this time the mean ambient water concentration was 0.75 µg/L, the sampler cleared
the equivalent of 1.6 L of water per day (days 1-7).
Fig. 3. Results for Laboratory Exposure #2. The water was exchanged on days 3 and 5 and the toxin
concentration adjusted daily by addition of crude extract. Green squares: Microcystin concentration in
water prior to adjustment. Green triangles: Microcystin concentration in water after adjustment. Blue
circles: Microcystin extracted from SPATT samplers exposed for 1-7 days.

Exposure #3: Water toxin levels during this 9-day exposure experiment fluctuated quite a bit as the
resin effectively removed the toxin from the water, with an overall mean concentration of 3.3 µg/L (Fig.
4).
Microcystin adsorption by the resin peaked on day 5. The toxin concentration in the sampler removed
from the tub on day 5 (49.8 µg) indicates a mean adsorption of ca. 10 µg toxin per sampler per day
during the first 5 days. Since during this time the mean ambient water concentration was 3.21 µg/L, the
sampler cleared the equivalent of 3.1 L of water per day during the first 5 days (days 1-5).
The amount of toxin in the samplers declined slightly after day 5. The sampler deployed for 9 days
contained 45.6 µg toxin, indicating a mean adsorption of ca. 5.1 µg toxin per sampler per day averaged
5

over the 9 days. Since during this time the mean ambient water concentration was 3.53 µg/L, the
sampler cleared the equivalent of 1.4 L of water per day (days 1-9).
Fig. 4. Results for Laboratory Exposure #3. The water was exchanged on days 2, 4 and 7 and the toxin
concentration adjusted daily (except day 6) by addition of crude extract. Green squares: Microcystin
concentration in water prior to adjustment. Green triangles: Microcystin concentration in water after
adjustment. Blue circles: Microcystin extracted from SPATT samplers exposed for 1-9 days. Values for
day 6 are extrapolated.

Previous studies with SPATT samplers typically employ 7-day intervals for field deployment.
Calculations for 7-day samplers are therefore summarized in Table 2.
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Table 2. Summary of results from laboratory exposure tests, days 0-7. Calculations are based on the amount of
toxin recovered from a single 7-day sampler in each test.
Exposure #1
Exposure #2
Exposure #3
(preliminary)
Target concentration in water
Measured concentration in water:
range
mean
Toxin in sampler at 7 days

5 µg/L

1 µg/L

5 µg/L

0.51 – 5.83 µg/L
2.16 µg/L

0.39 – 1.18 µg/L
0.749 µg/L

0.46 – 6.25 µg/L
3.27 µg/L

12.45 µg

8.38 µg

35.25 µg

1.20 µg/day

5.04 µg/day

1.60 L/day

1.54 L/day

Sampler mean rate of adsorption
1.78 µg/day
over 7 days
Mean volume of water cleared
0.82 L/day
per day*
* (Sampler mean rate of adsorption / Mean concentration in water)

CONCLUSIONS
In the field, where microcystin levels can vary markedly on a scale of hours to days, SPATT samplers
provide an integrated assessment of toxin concentrations. These experimental results yield helpful
information for interpretation of field deployed HP20 samplers, although lack of replication limits the
significance of the observed trends.
SPATT samplers did not appear to retain all of the adsorbed toxin past 4-6 days of exposure. This issue
is not reported in the literature but suggests that perhaps fouling competes for adsorption area on the
resin particles. Although aeration was provided, increased fouling was observed on the samplers and the
resin with increasing exposure time. Because field deployed samplers will exhibit fouling as well
(although perhaps less) it may be necessary to remove the samplers at appropriate times, i.e. not past 7
days.
The equivalent volume of water cleared per day by a sampler can be a useful parameter for estimating
mean water concentrations based on sampler toxin content. Seven-day calculations presented in Table 2
suggest that these samplers can clear approximately 1.5 L of water per day when exposed to
concentrations ranging from 0.4 to 6 µg/L. Although these numbers are still tentative they provide a
framework for interpretation of microcystin values from field-exposed samplers.
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Test ____________

SPATT HP20 extraction worksheet
Date ______________ Analyst __________

Samples:
_______________________________________________________________________________________
_______________________________________________________________________________________
_______________________________________________________________________________________
_______________________________________________________________________________________
_______________________________________________________________________________________
_______________________________________________________________________________________
_______________________________________________________________________________________
_______________________________________________________________________________________
1.

Disassemble holder on paper towel and separate netting.

2.

Transfer lower net to funnel and wash with DI water. Using spatula, transfer all of resin from top net to funnel
and rinse – use up to 150 mL DI

3.

Transfer resin to SPE cartridge with frit, using extra DI water as necessary

4.

Insert waste containers in SPE tub and attach cartridges

5.

ASAP pass water, turning up vacuum slowly to 5 psi. Dry for one additional minute after dripping stops (5 psi).

6.

Add

7.

Insert 40 mL vials, dry needles. Pass first aliquot.

8.

Immediately add

mL meoh (eliminates remaining water in resin), stir and cover while prepping other columns.

3

6

mL meoh, stir and let sit covered __30__ min. Time :____________________

Turn off pump. Attach reservoir.
9.

Add

16 (10+6)

mL meoh to reservoir.

Total

25

mL extract.

10. Using gravity, adjust syringe valves to ≤1 mL/min. Start timer. Keep adjusting flow as needed.
Col # :______________________________________________________________________________
Time (min): __________________________________________________________________________
11. Turn on pump. Dry resin at 5 psi. Æ Extract a
If doing additional extractions to determine completeness:
12. Insert 13x100 test tubes. Dry needles
13. Add 5 mL meoh, stir, elute at ≤ 1 mL/min, dry Æ Extract b
14. Repeat
Freeze:

Æ Extract c
___________________________________________________________________________

Evaporate: ___________________________________________________________________________
on ______________ 60 C, 2 psi. vol: _5 mL___ in ttube: 13x100
Evaporate to 0.5 mL __________min, vortex, rinse with 0.5 mL 100% meoh.
Evaporate to dryness __________min. Freeze ______________
Reconstitute:

on ______________
Add 0.5 mL 50% meoh, vortex. Add __4.5__ mL DI water.
Final vol: _________

meoh conc: ________________

ELISA: _______________________________________________________________________________
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APPENDIX B

Algae data:

Black Lake East
Type

Description

Dominant in

BG

Anabaena species

BG

Aphanizomenon species

BG

Woronichinia species

CP

Cryptomonads

DF

Ceratium species

DT

Cocconeis pediculus

DT

Cyclotella species

DT

Diatoms species

GR

Botryococcus species

GR

Sphaerocystis species

BG

Anacystis species

BG

Aphanizomenon species

BG

Woronichinia species

CP

Cryptomonads

DF

Ceratium species

DT

Asterionella species

DT

Cocconeis pediculus

DT

Cyclotella species

DT

Diatoms species

DT

Fragilaria species

GR

Sphaerocystis species

BG

Aphanizomenon species

BG

Lyngbya species

BG

Woronichinia species

CP

Cryptomonads

DT

Asterionella species

GR

Cosmarium species

GR

Elakatothrix species

08/01/2011

08/08/2011

08/15/2011

Black Lake East

Page 1 of 4

Type

Description

Dominant in

BG

Anabaena species

BG

Lyngbya species

BG

Woronichinia species

DT

Asterionella species

DT

Fragilaria species

EU

Trachelomonas species

GR

Elakatothrix species

GR

Sphaerocystis species

YL

Dinobryon species

BG

Anabaena species

CP

Cryptomonads

DT

Aulacoseira species

DT

Cymbella species

DT

Diatoma species

DT

Fragilaria species

GR

Botryococcus species

YL

Dinobryon species

YL

Mallomonas species

BG

Aphanizomenon species

CP

Cryptomonads

DF

Ceratium species

DT

Aulacoseira species

DT

Cyclotella species

DT

Fragilaria species

GR

Elakatothrix species

GR

Oocystis species

GR

Staurastrum species

YL

Dinobryon species

08/22/2011

08/29/2011

09/06/2011

Black Lake East
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Type

Description

Dominant in

BG

Anabaena species

BG

Aphanizomenon species

BG

Lyngbya species

BG

Woronichinia species

CP

Cryptomonads

DF

Ceratium species

DT

Asterionella species

DT

Aulacoseira species

DT

Cocconeis pediculus

DT

Cyclotella species

GR

Botryococcus species

GR

Elakatothrix species

GR

Sphaerocystis species

GR

Staurastrum species

YL

Dinobryon species

BG

Anabaena species

BG

Aphanizomenon species

BG

Woronichinia species

DF

Ceratium species

DT

Asterionella species

DT

Aulacoseira species

DT

Fragilaria species

EU

Trachelomonas species

GR

Sphaerocystis species

YL

Dinobryon species

09/12/2011

09/19/2011

Black Lake East
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Type

Description

Dominant in

BG

Anabaena species

BG

Anacystis species

BG

Aphanizomenon species

BG

Woronichinia species

CP

Cryptomonads

DT

Aulacoseira species

DT

Diatoms species

DT

Fragilaria species

EU

Trachelomonas species

GR

Pediastrum species

YL

Mallomonas species

09/26/2011

Key:

BG = Blue green
CP = Cryptophyte
DF = Dinoflagellate
DT = Diatom

Black Lake East

EU = Euglenophyte
GR = Green
YL = Yellow
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Algae data:

Black Lake West
Type

Description

Dominant in

BG

Anabaena species

BG

Anacystis species

BG

Woronichinia species

CP

Cryptomonads

DT

Cocconeis pediculus

DT

Cyclotella species

DT

Diatoms species

DT

Fragilaria species

GR

Botryococcus species

GR

Sphaerocystis species

BG

Anabaena species

BG

Anacystis species

BG

Aphanizomenon species

BG

Woronichinia species

CP

Cryptomonads

DF

Ceratium species

DT

Asterionella species

DT

Fragilaria species

GR

Sphaerocystis species

YL

Dinobryon species

08/01/2011

08/08/2011

Black Lake West
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Type

Description

Dominant in

BG

Anacystis species

BG

Aphanizomenon species

BG

Lyngbya species

BG

Woronichinia species

CP

Cryptomonads

DF

Ceratium species

DT

Asterionella species

DT

Aulacoseira species

DT

Diatoms species

DT

Fragilaria species

GR

Botryococcus species

GR

Elakatothrix species

GR

Sphaerocystis species

GR

Staurastrum species

YL

Dinobryon species

BG

Lyngbya species

BG

Woronichinia species

CP

Cryptomonads

DT

Asterionella species

DT

Aulacoseira species

DT

Cyclotella species

DT

Fragilaria species

GR

Cosmarium species

GR

Dictyosphaerium species

GR

Elakatothrix species

GR

Sphaerocystis species

GR

Staurastrum species

YL

Dinobryon species

08/15/2011

08/22/2011

Black Lake West
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Type

Description

Dominant in

BG

Anabaena species

BG

Anacystis species

CP

Cryptomonads

DT

Cyclotella species

DT

Fragilaria species

GR

Sphaerocystis species

YL

Dinobryon species

YL

Mallomonas species

BG

Anacystis species

BG

Woronichinia species

CP

Cryptomonads

DF

Ceratium species

DT

Aulacoseira species

DT

Cyclotella species

DT

Fragilaria species

EU

Trachelomonas species

GR

Cosmarium species

GR

Oocystis species

GR

Sphaerocystis species

GR

Staurastrum species

YL

Dinobryon species

BG

Aphanizomenon species

BG

Woronichinia species

CP

Cryptomonads

DF

Ceratium species

DT

Aulacoseira species

DT

Cyclotella species

DT

Fragilaria species

YL

Dinobryon species

08/29/2011

09/06/2011

09/12/2011

Black Lake West
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Type

Description

Dominant in

BG

Anabaena species

BG

Lyngbya species

BG

Woronichinia species

DF

Ceratium species

DT

Fragilaria species

YL

Dinobryon species

BG

Anabaena species

BG

Anacystis species

BG

Aphanizomenon species

BG

Woronichinia species

CP

Cryptomonads

DF

Ceratium species

DT

Asterionella species

DT

Aulacoseira species

DT

Diatoms species

DT

Fragilaria species

DT

Stephanodiscus species

GR

Staurastrum species

09/19/2011

09/26/2011

Key:

BG = Blue green
CP = Cryptophyte
DF = Dinoflagellate
DT = Diatom

Black Lake West

EU = Euglenophyte
GR = Green
YL = Yellow
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Algae data:

Lawrence Lake North
Type

Description

Dominant in

BG

Anacystis species

BG

Aphanizomenon species

BG

Chroococcus species

CP

Cryptomonads

DF

Ceratium species

DT

Asterionella species

DT

Cocconeis pediculus

DT

Fragilaria species

DT

Tabellaria species

GR

Elakatothrix species

GR

Scenedesmus species

YL

Dinobryon species

BG

Anabaena species

BG

Anacystis species

BG

Aphanizomenon species

BG

Chroococcus species

CP

Cryptomonads

DF

Ceratium species

DT

Asterionella species

DT

Aulacoseira species

DT

Cocconeis pediculus

DT

Cocconeis pediculus

DT

Fragilaria species

DT

Tabellaria species

GR

Ankyra species

GR

Oocystis species

GR

Staurastrum species

YL

Dinobryon species

08/21/2012

08/28/2012

Lawrence Lake North
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Type

Description

Dominant in

BG

Anabaena species

BG

Anabaena species

BG

Anacystis species

BG

Aphanizomenon species

BG

Aphanizomenon species

BG

Chroococcus species

CP

Cryptomonads

DF

Ceratium species

DT

Asterionella species

DT

Aulacoseira species

DT

Fragilaria species

DT

Fragilaria species

DT

Tabellaria species

EU

Trachelomonas species

GR

Ankyra species

GR

Elakatothrix species

GR

Mougeotia species

GR

Oocystis species

GR

Sphaerocystis species

YL

Dinobryon species

09/04/2012

Lawrence Lake North
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Type

Description

Dominant in

BG

Anabaena species

BG

Anacystis species

BG

Aphanizomenon species

BG

Chroococcus species

CP

Cryptomonads

DF

Ceratium species

DT

Asterionella species

DT

Aulacoseira species

DT

Cyclotella species

DT

Tabellaria species

EU

Trachelomonas species

GR

Sphaerocystis species

YL

Dinobryon species

YL

Mallomonas species

BG

Anacystis species

BG

Aphanizomenon species

BG

Woronichinia species

CP

Cryptomonads

DT

Asterionella species

DT

Tabellaria species

GR

Ankyra species

GR

Mougeotia species

GR

Sphaerocystis species

YL

Dinobryon species

09/11/2012

09/18/2012

Lawrence Lake North
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Type

Description

Dominant in

BG

Anabaena species

BG

Anacystis species

BG

Aphanizomenon species

BG

Chroococcus species

BG

Woronichinia species

CP

Cryptomonads

DF

Ceratium species

DT

Asterionella species

DT

Fragilaria species

DT

Tabellaria species

EU

Trachelomonas species

GR

Ankyra species

GR

Crucigenia species

GR

Sphaerocystis species

GR

Staurastrum species

YL

Dinobryon species

BG

Anabaena species

BG

Aphanizomenon species

CP

Cryptomonads

DT

Asterionella species

DT

Aulacoseira species

DT

Fragilaria species

DT

Tabellaria species

EU

Trachelomonas species

GR

Ankyra species

GR

Sphaerocystis species

YL

Dinobryon species

09/25/2012

10/02/2012

Lawrence Lake North
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Type

Description

Dominant in

BG

Anabaena species

BG

Aphanizomenon species

CP

Cryptomonads

DF

Ceratium species

DT

Asterionella species

DT

Aulacoseira species

DT

Cyclotella species

DT

Fragilaria species

DT

Meridion circulare

DT

Tabellaria species

EU

Trachelomonas species

GR

Ankyra species

YL

Dinobryon species

BG

Anabaena species

BG

Aphanizomenon species

CP

Cryptomonads

DT

Aulacoseira species

DT

Fragilaria species

DT

Tabellaria species

EU

Trachelomonas species

GR

Kirchneriella species

GR

Sphaerocystis species

YL

Dinobryon species

10/09/2012

10/16/2012

Key:

BG = Blue green
CP = Cryptophyte
DF = Dinoflagellate
DT = Diatom

Lawrence Lake North

EU = Euglenophyte
GR = Green
YL = Yellow
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Algae data:

Lawrence Lake South
Type

Description

Dominant in

BG

Anabaena species

BG

Anacystis species

BG

Aphanizomenon species

BG

Chroococcus species

CP

Cryptomonads

DF

Ceratium species

DT

Asterionella species

DT

Fragilaria species

DT

Tabellaria species

GR

Botryococcus species

GR

Elakatothrix species

GR

Sphaerocystis species

GR

Staurastrum species

YL

Dinobryon species

BG

Anabaena species

BG

Anacystis species

BG

Aphanizomenon species

BG

Chroococcus species

CP

Cryptomonads

DF

Ceratium species

DT

Asterionella species

DT

Aulacoseira species

DT

Fragilaria species

DT

Tabellaria species

EU

Trachelomonas species

GR

Ankyra species

YL

Dinobryon species

08/21/2012

08/28/2012

Lawrence Lake South

Page 1 of 5

Type

Description

Dominant in

BG

Anabaena species

BG

Anacystis species

BG

Anacystis species

BG

Aphanizomenon species

BG

Chroococcus species

CP

Cryptomonads

DF

Ceratium species

DT

Asterionella species

DT

Aulacoseira species

DT

Cyclotella species

DT

Fragilaria species

DT

Tabellaria species

EU

Trachelomonas species

YL

Dinobryon species

BG

Anabaena species

BG

Anacystis species

BG

Chroococcus species

CP

Cryptomonads

DF

Ceratium species

DF

Ceratium species

DT

Asterionella species

DT

Aulacoseira species

DT

Cyclotella species

DT

Tabellaria species

GR

Sphaerocystis species

YL

Dinobryon species

YL

Synura species

09/04/2012

09/11/2012

Lawrence Lake South

Page 2 of 5

Type

Description

Dominant in

BG

Anabaena species

BG

Anacystis species

BG

Aphanizomenon species

BG

Chroococcus species

CP

Cryptomonads

DF

Ceratium species

DT

Asterionella species

DT

Aulacoseira species

DT

Fragilaria species

DT

Tabellaria species

GR

Ankyra species

GR

Elakatothrix species

GR

Pediastrum species

GR

Sphaerocystis species

YL

Dinobryon species

BG

Anabaena species

BG

Anacystis species

BG

Aphanizomenon species

CP

Cryptomonads

DT

Fragilaria species

DT

Tabellaria species

EU

Trachelomonas species

GR

Ankyra species

GR

Botryococcus species

YL

Dinobryon species

09/18/2012

09/25/2012

Lawrence Lake South
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Type

Description

Dominant in

BG

Anabaena species

BG

Aphanizomenon species

BG

Chroococcus species

CP

Cryptomonads

DF

Ceratium species

DT

Asterionella species

DT

Aulacoseira species

DT

Fragilaria species

DT

Tabellaria species

EU

Trachelomonas species

GR

Ankistrodesmus species

GR

Coelastrum species

GR

Crucigenia species

GR

Oocystis species

GR

Pediastrum species

GR

Sphaerocystis species

GR

Staurastrum species

YL

Dinobryon species

BG

Aphanizomenon species

CP

Cryptomonads

DT

Asterionella species

DT

Aulacoseira species

DT

Fragilaria species

DT

Tabellaria species

EU

Trachelomonas species

GR

Ankyra species

GR

Closterium species

GR

Crucigenia species

GR

Eutetramorus globosus

YL

Dinobryon species

10/02/2012

10/09/2012

Lawrence Lake South
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Type

Description

Dominant in

10/16/2012

Key:

BG = Blue green
CP = Cryptophyte
DF = Dinoflagellate
DT = Diatom

Lawrence Lake South

BG

Aphanizomenon species

CP

Cryptomonads

DT

Asterionella species

DT

Aulacoseira species

DT

Cyclotella species

DT

Fragilaria species

DT

Tabellaria species

EU

Trachelomonas species

GR

Pediastrum species

GR

Sphaerocystis species

YL

Dinobryon species
EU = Euglenophyte
GR = Green
YL = Yellow
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APPENDIX C

Washington State Department of Ecology
Toxic Algae Report
Report Generated on: 12/28/2012 11:53:57 AM

County Name: Thurston
Lake Name: BLACK LAKE
Samples Taken: 7
Sample Date: 11/28/2011
Sample Number: BLATH01_11-08
Toxin Name

Toxin Detected

MDL or Toxin

Microcystin

Yes

0.333 ug/L

Algae Name

Dominance in Sample

Unknown

Unknown

Comments

Sample Date: 11/09/2011
Sample Number: BLATH01_11-07
Toxin Name

Toxin Detected

MDL or Toxin

Microcystin

Yes

1.520 ug/L

Algae Name

Dominance in Sample

Comments

No algae found

Sample Date: 10/25/2011
Sample Number: BLATH01_11-05
Toxin Name

Toxin Detected

MDL or Toxin

Additional information on individual laboratory reports are available upon request from Department of Ecology. Please contact Tricia Shoblom at
tsho461@ecy.wa.gov or Kathy Hamel at kham461@ecy.wa.gov for more information.

Microcystin

Yes

0.052 ug/L

Algae Name

Dominance in Sample

Aphanizomenon sp.
Gloeotrichia sp.
Woronichinia sp.

Present
Present
Present

Comments

Sample Date: 10/19/2011
Sample Number: BLATH01_11-04
Toxin Name

Toxin Detected

MDL or Toxin

Microcystin

Yes

0.050 ug/L

Algae Name

Dominance in Sample

Unknown

Unknown

Comments

Sample Date: 10/13/2011
Sample Number: BLATH01_11-03
Toxin Name

Toxin Detected

MDL or Toxin

Microcystin

Yes

7.700 ug/L

Algae Name

Dominance in Sample

Unknown

Unknown

Comments

Sample Date: 10/05/2011
Sample Number: BLATH01_11-02
Toxin Name

Toxin Detected

MDL or Toxin

Microcystin

Yes

0.890 ug/L

Additional information on individual laboratory reports are available upon request from Department of Ecology. Please contact Tricia Shoblom at
tsho461@ecy.wa.gov or Kathy Hamel at kham461@ecy.wa.gov for more information.

Algae Name

Dominance in Sample

Unknown

Unknown

Comments

Sample Date: 09/20/2011
Sample Number: BLATH01_11-01
Toxin Name

Toxin Detected

MDL or Toxin

Microcystin

Yes

13.900 ug/L

Algae Name

Dominance in Sample

Unknown

Unknown

Comments

Additional information on individual laboratory reports are available upon request from Department of Ecology. Please contact Tricia Shoblom at
tsho461@ecy.wa.gov or Kathy Hamel at kham461@ecy.wa.gov for more information.

