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Executive Digest 
 

This booklet is addressed to the Douglas County Commissioners:  Chairman, Norm Salto, Bev Bales, Paul 

Anderson, Jerry Johnson and Dan Olson. 

Since late February (2011), the Douglas County Citizens’ Committee on Zebra Mussels (+) has been 

working on the challenge that Zebra Mussels + present and what immediate, as well as what near-

future, solutions might be feasible.  This topic was on the meeting agenda on April 12th and is, again, on 

the meeting agenda for April 26th.  We will be present on the 26th and understand and appreciate that 

you ought to have time to review this document and give thought to a discussion of the problem and 

the opportunity before us. 

The booklet dated April 7th, 2011, continues to be a reference as well as the contents of this tome; as is 

the intention of Douglas County Resolution No. 11-27. 

A commitment to pursue Zebra Mussel control, containment, and eradication strategies is the purpose 

of this discussion document. 

Chapters to reference: 

Control & Containment 

Education 

Zebra Mussel Monitoring  

DNR 

Pilot Control & Contamination Project 

Eradication 

Costs are inevitable.  Public/Private investments and volunteers will be key.  

Cost projections: 

$  1,600 for Education & Signage 

$26,000 for basic Washing Station (manpower not included) 

$37,800 for Eradication Testing of Potassium Chloride 

$20,000 for Eradication Testing of Zequanox (estimate) 

 

Board Action:  Resolution to  

Appoint a Zebra Mussel “Czar” 

Collaboratively sign a letter with all Lake Associations to tackle the Zebra Mussel problem 

Fund education & signage 

Seed fund the proposed pilot washing station 

 

What are our lakes worth? 
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Control & Containment 
 

 

Douglas County’s interest is keen and collaborative within the management of the DNR. The following 

demonstrates the new DNR’s training guide for 2011 inspector procedures (note language referring to 

‘stickers’ which the final DNR program plans to implement – details soon available): 

Watercraft Inspection Procedures: trailers without current sticker  

 

:  SET UP AT ACCESS

Inspector posts “Stop Aquatic Hitchhikers!” banner at access site and gets equipment set up. 

(Set up the chair so you are on the driver’s side of approaching vehicles, this way you don’t have 

to walk around the vehicle)  

 

: As vehicle approaches:  INTRODUCTION TO BOATER

Enter/Write: State of vehicle, vehicle license number, type of watercraft, entering or exiting 

water, and circle/check decal observed - “none”, “previous year”. (Paper surveys-you will also 

need to put down the time of inspection as well)  

 

 Introduce yourself:  
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Hi, I’m a watercraft inspector with the MN DNR (and local grantee if there is one) and we are 

here to inspect watercraft for invasive species as required by state law.  

Our purpose for being out here is to keep EWM, ZM, and other invasive species from spreading 

to other lakes. I will start by inspecting your watercraft and having you look it over with me so I 

can show you some places you should check for invasive species, and then I have a few quick 

questions to ask you.  

Exiting Boats: How long was your boat in the water? (Check appropriate number of days on PDA)  

Entering Boats: How long has your boat been out of the water? (Check appropriate number of 

days on PDA)  

:  INSPECTION OF WATERCRAFT

If you would walk around the boat with me, I can point out some areas to look for invasive 

species while I inspect your watercraft to ensure you are not transporting aquatic invasive 

species and are complying with state laws.  

Start the inspection process at the trailer winch post on the driver’s side. Walk completely 

around the boat and end at the passenger side winch post.  

 

Look into the boat to check the anchor and anchor line for plants, snails, mussels, and water 

fleas; Spiny water fleas are likely to collect on anchor lines, fishing lines, and downriggers.  

 

C rollers and trailer bunks for attached plants; talk about EWM and what the problems 

associated with it are, remind them they must remove all vegetation before transporting the 

boat  

 

EWM grows in dense surface mats that interfere with many types of water recreation. It out-

competes native vegetation needed by fish and wildlife. It also grows very fast...up to 2" per day. 

(Also see “Q&A Eurasian Water milfoil”)  

When you get to the trailer fender look at the axle, using your flashlight, including on the 

opposite side for plants. Aquatic plants are likely to attach to trailer, lower unit and prop, and 

waterfowl decoy lines fishing lures. Also check license plates and taillight wires  
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Look closely for zebra mussels, snails, spiny water fleas and other species that may be attached 

to the hull of the boat and equipment. Look especially closely at the lower unit and motor parts 

that would be below the waterline. Use your flashlight to see under the boat and into the 

shadows. Run your hand over the boat below the waterline and touch the transom to ensure 

there are no tiny zebra mussels attached. Tell them about the problems associated with zebra 

mussels:  

 

Zebra mussels can reduce food that is needed by fish and other organisms, clog intake pipes for 

industry, litter beaches with sharp shells, and can foul boat hulls and cause boat engines to 

overheat. They reproduce quickly - one female can produce up to one million eggs per summer. 

(Show the ZM sample; See also “Q&A Zebra Mussel”)  

(Note: Zebra mussels, New Zealand mud snails, and mystery snails are likely to attach on the 

transom and lower unit of motor and aquatic plants.)  

:  RESPONSES IF AN INSPECTOR FINDS ZEBRA MUSSELS

Watercraft is exiting ZM infested waters:  

(e.g., Mississippi, Lake Superior, Mille Lacs, St. Croix, Zumbro, Lake of the Woods, or 

Ossawinnamakee, Le Homme Dieu Chain, Pelican Chain of Lake, Pike Lake, Prior Lake)  

Make sure boater removes all visible mussels before transporting the watercraft. Give them an 

authorization form. Tell them to be sure to go to a car wash or use a high-pressure sprayer 

before re-launching. Make sure they are aware of the laws.  

Watercraft is entering ZM infested waters:  

(e.g., Mississippi, Lake Superior, Mille Lacs, St. Croix, Zumbro, Lake of the Woods, or 

Ossawinnamakee, Le Homme Dieu Chain, Pelican Chain of Lake, Pike Lake, Prior Lake)  

They should remove the zebra mussels before entering the water. Make sure they understand 

that they should remove all invasives and plants before they transported the watercraft. Contact 

the local CO and one of the watercraft inspection coordinator/assistants to report the incident.  

Watercraft exiting a waterbody that is not known to be infested with zebra mussels:  

• Explain that this is a serious issue because no mussels have been found there before. Ask how 

long the boat has been in the water. Ask where has it been before it was in this waterbody  

Take samples off the boat (see procedures) and keep the sample.  

• Tell the boater to be sure and go to a car wash or use a high-pressure sprayer and spray the 

boat down to remove the zebra mussels. Give them an authorization form  
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• Contact the local CO and one of the watercraft inspection coordinator/assistants to report the 

incident.  

Watercraft entering a waterbody that is not known to have zebra mussels:  

• Explain they have violated the law by transporting zebra mussels. The mussels should have 

been removed before transporting the watercraft. Tell them not to launch and launching the 

craft with mussels on it carries a $500 fine. Ask where the boater had been before.  

• Take a sample (see procedures) and keep it. And take a photo.  

• Tell the boater to be sure and go to a car wash or use a high-pressure sprayer and spray the 

boat down to remove the zebra mussels. Give them an authorization form  

• Contact the local CO and one of the watercraft inspection coordinator/assistants to 

report the incident.  

Check the drain plug and ask Is there any water in the boat?  

Entering boats: the drain plug should be out on arrival. If it is not, they need to go away from 

the access and drain it (they need to go far enough away that the water they drain out won’t 

run into the waterbody). If it is out, remind them to put it in before launching  

Exiting boats: tell them to remove the drain plug and leave it out. They must also drain their bait 

container if it is a ZM or SWF infested water and any bait container if it contains water from any 

infested water.  

 

Explain why you are asking and talk about ZM veligers and how they are microscopic and could 

be transported in water.  

KEY LOCATIONS TO INSPECT  

SURVEY OF BOATERS:  

After the inspection then ask these survey questions:  

Are you familiar with the term aquatic invasive species?  

 

Tell them a little about what an aquatic invasive species is “aquatic invasive species are plants or 

animals that come from another place and can harm water recreation and cause problems for 

our native plants and animals. If the water body is infested, let them know what it is infested 

with. “Zebra mussels/EWM/SWF are in this lake/river.” Point out the orange infested waters sign 

and remind them there is a complete list in the fishing regulations.  



 

Page 8 of 39 
 

What body of water was the watercraft in last?  

Where do you plan to go next?  

 

Say “There have been changes made the to the invasive species laws, to ensure you are aware of 

them I will tell you about them” and offer the boater a 3x5 state law card  

Under state laws:  

It is illegal to transport any type of aquatic vegetation on boat or trailer - need to remove all 

vegetation before leaving any access and before entering any water body. Removing all 

vegetation eliminates need to identify specific species. A small fragment of milfoil a few inches 

long can survive several days out of water and infest another lake. Also, zebra mussels and other 

invasive species can attach to aquatic plants.  

You must drain boating-related equipment holding water and live wells and bilges by removing 

the drain plug before transporting the watercraft and associated equipment on public roads;  

Drain plugs, bailers, valves, or other devices used to control the draining of water from ballast 

tanks, bilges, and live wells must be removed or opened while transporting watercraft on a 

public road (marine sanitary systems and portable bait containers are excluded from this 

requirement).  

It is illegal to transport water from infested waters in portable bait containers  

It is illegal to transport zebra mussels on a road. Adult mussels can live out of water, attached 

to a boat up to 10 days.  

 

Talk about inspecting and cleaning the watercraft before leaving the access. As you can see it is 

important to inspect and clean your boat and drain water to comply with state laws.  

Give them a current year decal. You can place this decal on the handle side of the trailer winch 

post. This will let us know that we have talked to you this summer and we will only inspect your 

boat next time.  

 

Close with “Thank you for your attention and helping protect Minnesota’s lakes.”  

If boats are being launched with plants or animals attached call the local conservation officer. 
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The DNR is currently recruiting ‘volunteer’ inspectors: 

Become a Volunteer Watercraft Inspector 

 For citizens wanting to become trained to conduct watercraft inspections on a volunteer basis, the DNR 

Invasive Species Program will be offering a Volunteer Watercraft Inspection Training at the Douglas 

County Public Works Building in Alexandria (526 Willow Drive, Alexandria, MN 56308) on May 20, 

2011 from 7 pm-9 pm.  This training is meant for people who are interested in volunteering their time 

to conduct watercraft inspections at public accesses.  At the training, people will learn: 

  

        Basic identification of different aquatic invasive species and their impacts, 

        Methods used for the inspection of watercraft, and 

        Requirements for conducting watercraft inspections on public accesses. 

  

All participants will be required to pass a background check before being approved to conduct volunteer 

watercraft inspections for the DNR.  If interested in attending, please RSVP to Anna Ness, Watercraft 

Inspection Coordinator, at anna.ness@state.mn.us or 218-739-7576 ext. 247.  Include your organization 

name (if applicable) and how many people are planning to attend.   

  

mailto:anna.ness@state.mn.us
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Education 
 

Approach all ages. 

Education of any community must center on a key, easy to 

remember, easy to understand, message.  We are 

recommending that message be:  Don’t Move a Mussel 

Message placement, at a minimum: 

 Echo Press articles throughout the summer 

 Vacationer articles throughout the summer 

 PSA on Douglas County radio stations 

o KXRA; Z99;Cool 94.3; KBHZ-FM; Kikv-FM; 

 Chamber of Commerce newsletter (electronic & 

paper) 

 Other regional periodicals 

Engage all reading levels of our school community, this spring, with the following: 

ONLINE TRAINING CERTIFICATE 

Boaters, anglers, & aquatic recreational users, can 

benefit from this short, on-line educational training 

designed to teach four simple steps to follow to Stop 

Aquatic Hitchhikers! Takes only a few minutes and at 

the end one gets a certificate demonstrates doing one’s 

part.  Upon completing this really short course a 

personalized certificate is printed. 

http://www.100thmeridian.org/default.asp 
 

  
 

 

Encourage contests, i.e., “Who have the best voice delivery of “Don’t Move a Mussel!” 

COSTS:  Lake Access, on site, signage: 

Education message sorted # of accesses, sign size, cost Total all 
signs 

Installation 

 
Non-infested, recreational, 
general development lakes 

26 accesses 
.080 aluminum with rounded 
corners, full color print with 
laminate 
12” x 18” sign @ $29.87 each 

776.62 Public Works 

 
Infested lakes (Chain) 

12 accesses 
.080 aluminum with rounded 
corners, full color print with 
laminate 

524.40 Public Works 

http://www.100thmeridian.org/default.asp
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18” x 24” sign @ $43.70 each 

 
Pilot boat washing station 
Geneva north access 

1 access 
Alumacore Sign, full color print 
with laminate 
3’ x 4’ sign @ 116.00 

116.00 Public Works 

(plus creative finishing)  150.00  

Total  1567.02  

 

DRAFT Signage: 

 

 

 

 

 

 

 

 

 

 

 

 

 

Message/sign copy will call out the pertinent details of what each watercraft owner is expected 

to do:   

Pull-the-plug;  

Drain live-wells and bait buckets;  

Wash craft & trailer, etc. 
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Zebra Mussel Monitoring for Early Detection  

…at all Douglas County recreational and general development lakes 

 

There are two types of monitoring for early detection of Zebra mussels in lakes:  

 Veliger monitoring and adult/juvenile monitoring.  

o When zebra mussels first establish in a lake, they can be at very low densities, so it is not 

always possible to detect them right away. 

o  Using both these methods together gives the best chance at detecting zebra mussels in 

a lake. 

Veliger monitoring involves field collection from a boat using a plankton net and then laboratory 

identification from a trained professional. Field collection can be done by a hired professional or a 

trained volunteer. See below for an example protocol from the Wisconsin Department of Natural 

Resources. Field collection and laboratory identification can be done by 

RMB Environmental Laboratories in Detroit Lakes, MN  

Moriya Rufer:  218‐846‐1465 moriyar@rmbel.info  

Adult and juvenile monitoring can be done through the Minnesota Department of Natural Resources 

Volunteer Zebra Mussel Monitoring Program. This program involves inspecting docks and lifts and/or 

placing a monitoring device such as a brick in the water to inspect for adult zebra mussel colonization. 

See this website for more information. 

(http://www.dnr.state.mn.us/volunteering/zebramussel_monitoring/index.html ) 

mailto:moriyar@rmbel.info
http://www.dnr.state.mn.us/volunteering/zebramussel_monitoring/index.html
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Dreissenid (Zebra and Quagga) Mussel Monitoring Protocol 

Adapted from the Wisconsin Department of Natural Resources 

http://dnr.wi.gov/lakes/forms/protocols/ZebraMussel_MonitoringProtocol.pdf  

Sampling Equipment 

• Boat 

• Anchor 

• 50‐cm diameter, 64‐micron mesh plankton net, 5:1 length:diameter ratio 

• Rope on net with the meter increments marked 

• Chlorine bleach 

• Large container to hold plankton net for bleach solution 

• 250 ml plastic bottles 

• 1‐liter plastic bottles 

• Alcohol for sample preservation, 95% alcohol (190 proof ethyl alcohol) 

• Lake Maps 

• Sharpie 

• Cooler with ice 

• GPS unit – optional 

Sampling Procedures1 

Sample Frequency 

Three samples should be collected from each lake on three dates between July 1 – August 31 (for a total 

of nine samples per lake). Ideally, samples should be collected when the water is between 63‐74:F. 

These conditions give the best chance at early detection of zebra mussels. 

Sample Location 

On each sampling date, veliger samples should be collected from three different locations in a lake. The 

sites should be in different bays or basins or at several of the more heavily used lake sites. One site 

could be in front of a lake’s outlet where the water funnels and flows out and another of the sites could 

                                                           
1
 This protocol has been simplified and generalized for educational purposes. For complete protocols necessary for 

sampling, contact RMB Environmental Laboratories (see below for contact information). 

http://dnr.wi.gov/lakes/forms/protocols/ZebraMussel_MonitoringProtocol.pdf
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be in the middle of the lake. The three sampling sites should be in water deep enough to sample, so 

locations over 15 feet deep is a good rule of thumb. Additional samples can be taken in bigger bodies of 

water where there may be multiple fingers, bays, or multiple boat launches. Mark on a lake map where 

samples were collected and optionally collect GIS coordinates. These same sites should be used for each 

of the sample periods – if not, then submit a revised map with subsequent samples. 

Sample Collection 

Using the standard plankton net (50‐cm diameter*, 64 micron mesh, see 

figure at right) collect two tows from each site (tows could vary from 2‐6 

meters depending on the lake depth). Consolidate to 1 sample for each site. 

Condense and decant your plankton sample into your bottle after each tow 

to obtain an accurate enumeration of the larval density in your lake. Both 

samples should be placed into the 250‐ml plastic bottle. Preserve the 

sample using 95% alcohol. The ratio should be 4 parts alcohol to 1 part 

sample. 

Repeat the process at the other two preselected sites. You will have 3 

samples for each lake. Alternatively, you can composite the samples from 

the three sites into one 250‐ml or larger (1‐liter) bottle and receive a single 

enumeration for the lake. Obviously, with the composite sampling, you lose 

specific sample location information, but either approach is acceptable. 

Transport or ship the sample bottle(s) on ice in a cooler to the laboratory for analysis. Analysis costs are 

on a per sample basis. 

Associated Costs 

The veliger monitoring program would be tailored to each lake.  Costs for laboratory analysis range from 

$75‐$150 per composite sample depending on the amount of water sampled. 
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Long-term Plan for all Douglas County Lake Associations 
 

The following RMB Environmental Laboratories, Detroit Lakes, MN, proposal details plans to monitor for 

zebra mussel veligers in Lake Darling, as an example.  We propose that on the first sample date, a 

designated volunteer monitor accompany the RMB Lab technicians so they can be trained in the 

sampling techniques. Then, if the Lake Association chooses to monitor on additional dates, it will be less 

expensive because the trained volunteer monitor can collect the samples and send them to the lab for 

analysis. 

Plan Details 

When: July, 2011, when the lake water is between 63-74°F. RMB Lab technicians will keep in 

touch with a contact on the lake that will be monitoring the lake’s water temperature. 

 

Where: We propose to sample three locations in the lake shown in Figure 1. The area in front of 

Arrowwood Resort, since that is where some zebra mussels were found in 2010, the southern 

shore of the lake, and the area in front of the lake’s outlet, since that is where the water funnels 

out of the lake. 

Timeline: Results will be provided within one month of the sample date. 

 

 

Figure 1. Map of Lake Darling 

showing proposed sample sites and the 

littoral zone (area of the lake that is 

less than 15 ft deep). 
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Budget 

First Sample Date: 

Item Unit Cost Total Cost 
 

Travel to and from Alexandria (160 miles 
round trip) 

$0.51/mile $81.60 
 

Travel time (4 hours round trip) $75/hour $300.00 
 

Sample and training time (3 hours) $75/hour $225.00 
 

Boat surcharge (gas) $50 $50.00 
 

Identification at the lab $90/sample $270.00 
 

Total  $926.60 
 

 

Additional Sample Dates (assuming a lake volunteer does the fieldwork): 

Item Unit Cost Total Cost 
 

Identification at the lab  
Shipping samples to the lab (estimated) 

$90/sample $270.00 
$10.00 

 

Total  $280.00 
 

 

*Plankton net: $430 (This is a one-time cost to the Lake Association if they continue with volunteer 

collection) 

Lab Qualifications 

Zebra mussel veliger identification will be done by Moriya Rufer. Moriya has a Masters 

Degree from the University of Minnesota, Twin Cities, in Entomology. Moriya is certified 

by the North American Benthological Society in macroinvertebrate identification 

(www.benthos.org). 

 

 

 

  

http://www.benthos.org/
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DNR 
 

 

From the DNR Budget Fact Sheet: 

The spread of aquatic invasive species is one of the top conservation challenges facing 

Minnesota today–and the unintentional transport on trailered watercraft and water-related 

equipment is believed to be the primary means of spread. 

Major program elements  

 Prevent the spread of invasive species into Minnesota;  

 Provide early detection and rapid response to new infestations of invasive species; and 

  Manage or reduce impacts caused by invasive species. 

Priority-setting 

A state plan for invasive species provides guidance on setting priorities for invasive species prevention 

and management. Stakeholder input on priorities for invasive species prevention actions was solicited 

by the department in 2011. 

Project locations 

Project locations are statewide. 

Key measures and outcomes: 
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 Increase enforcement hours by an additional 12,800 hours, which would double the current 

enforcement effort;  

 Control invasive aquatic plants on 60 additional lakes, increasing control of aquatic invasive 

species on lakes to 110 total; 

 Increase support for local efforts to deliver invasive species messages;  

 Develop and implement a licensing and training program for lake service providers;  

 Accelerate public awareness efforts, including new messaging, and innovative use of 21st 

century communication technologies;  

 Implement thorough watercraft inspections at high risk areas; and  

 Provide infrastructure for pilot decontamination stations. 
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Pilot Control & Containment Project 
 

 

 

It is known that trailers, boating and fishing equipment can be 

key carriers of water infested with the invisible veligers, 

transporting this invasive species to uninfested waters – 

intentionally  or unintentionally.   

Key points 

 Washing stations may be the only way to stop the spread 

of zebra mussels to uninfested waters, short of a 

quarantine which we do not recommend. 

 140o F water will kill veligers and mussels. 

 Both recreational and commercial crafts are easily 

accommodated 

 Careful, quality washing methods  

 All watercraft (and trailers) leaving Lake Geneva’s north 

public access will be expected to be decontaminated  
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o Although all ought to be expected to “do the right thing” and have their rigs washed 

(decontaminated), it is recognized that  a protocol will have to be in place to insure total 

compliance at this pilot location. 

o A variety of ‘ID’ systems are possible – all would engage an authorized party for 

placement and removal:  

  A seal/sticker (provided by onsite DNR or park ranger) with the date of exiting 

infested water that would be removed upon decontamination (up to $1000 

penalty fines if found on an uninfested lake) 

 A lock-on device –similar to a bicycle lock – between the boats hull and the 

trailer.  Once removed, the lock is recycled ready for use on another rig. 

  

 Free or Fee?  Although decontamination fees are used in other sites of the U.S., the Douglas 

County Lake Geneva washing station, like DNR washing stations, are government stations and 

will not assess a fee. While the County will be the lead provider, 

o Such decontamination could become a private enterprise endeavor – and for a fee. 

 A service added to bait stores, marinas, boat service operations 

 A single service, entrepreneurial small business start-up. 

 Example:  Colorado has 102 stations between roving patrols; 17 at lake sites, 5 

at offices; 22 at marine dealers; 2 at private industry locations; plus, state parks, 

municipalities, and other private stations 

 Months & hours of operation?  Still to be decided.  The hours of operation will be posted. 

o 6:00 a.m. to 8:00 p.m.? 

o Assume to staff two 8 hour shifts @ $15/hr. 

o Other?  Discussion welcomed before the 2011 fishing opener. 

 As the washing station is on an infested lake, the wash water can return to the lake; however, if 

the rig is washed in an area off the infested lake, care is to be taken to not send the wash water 

into the sewer system unless it is treated with salt water (to render the veligers useless) at ¾ 

cup per gallon. 

While there are host of suppliers of pressure washing systems, 

of the units researched all are of a portable nature to provide 

service where needed.  Some systems are more sophisticated 

than The price ranges are from $6500-$200,000. 

The committee recommendation s is to invest in the $26,000 

Hydroblaster (Portable Watercraft Decontamination System 

Model 5 / 3000GH0-WDS) unit as it has larger water capacity, is 

self-contained for power and heats H20 to 180o.  

The station meets the protocol set by the U.S. Fish and Wildlife 

in units placed in state parks in the western states…just add 
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.  water

Top four systems: 

   www.prefix.com expensive designed for each area like a car wash. 

  www.hydroblaster.com- units of choice. 

 www.northerntool.com  various washers all on trailers with no security. 

 www.silvereagle.com  washers on trailers no security.  This was the unit used in the 

Ottawa Nat’l Forest test site in Michigan.  

 

  

http://www.prefix.com/
http://www.hydroblaster.com-/
http://www.northerntool.com/
http://www.silvereagle.com/
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Eradication 

 

Our DCCC is relieved to find the eradication possibility, and we recommend active engagement and 

pursuit to stop the Zebra Mussel infestations in Douglas County.  However, first see the background. 

Bacterial Research Project Overview/Background  
Daniel P. Molloy and Denise A. Mayer, 

New York State Museum  

 Overview of a Novel Green Technology: 

Biological Control of Zebra and Quagga 

Mussels with Pseudomonas fluorescens  

Improvements Over Existing Chemical 

Control Methods 

Power generation facilities require annual 

maintenance and preventive programs to 

keep infestations of fouling zebra and 

quagga mussels (Dreissena spp.) in their 

cooling water intake systems under 

control. Currently it is necessary at many 

of these and other infested raw-water 

Coal-fired power plant on Lake Ontario. 
(Photo credit: Rochester Gas & Electric) 
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dependent infrastructures to administer controlled dosages of chlorine or other types of biocides for 

this purpose. Although such applications meet all existing water pollutant discharge regulatory limits, 

evidence exists to suggest that natural resource interest groups and regulatory agencies are reexamining 

the negative long-term use of biocides for this purpose. Both groups have made it clear that safe, non-

chemical alternatives for controlling mussel fouling would be environmentally beneficial. Chlorination, 

for example, is a common control method, and when chlorine combines with organic compounds in 

water, potentially carcinogenic substances such as trihalomethanes and dioxins are formed (United 

States Environmental Protection Agency 1999; Thornton 2000). Should future regulatory actions result 

in the loss of chemical biocides, without an alternative control option, electric generation organizations 

and many other industries that rely on the withdrawal of surface waters for operational reasons are 

certain to experience economic penalties. These losses would be the result of decreased production 

brought on by increased facility maintenance and downtime. Thus, the availability of an equally 

effective, yet far more environmentally benign, mussel control method to replace chlorine and other 

biocides is critically needed by power plants and other infested facilities.  

Research Paradigm  

Why would one look to use a naturally-occurring, non-parasitic, non-infectious microbe, such as the 

ubiquitous soil-water bacterial species, Pseudomonas fluorescens, to serve as an innovative, novel 

strategy for mussel management in power generation facilities? Sounds illogical? Well, it is widely 

accepted that the screening of diverse biochemicals found in tropical plant species is a worthwhile 

activity due to the discovery of drugs that can prevent or cure animal diseases, particularly cancers. 

Production of these biochemicals, however, did not evolve in these plants for this purpose, and the 

effect of these plant substances on animal diseases, although fortuitous, is purely coincidental. Using 

the same logic, we can also look to microorganisms for unique biochemicals or toxins which have 

potential as highly selective biopesticides. In fact, the use of microbial toxins already has a clear record 

of commercial success and environmental safety in the control of invertebrate pests in North America, 

as well as globally  (Rodgers 1993), and our New York State Museum (NYSM) laboratory has been 

involved in such research for over two decades as discussed in the following section.  

 

Prior Participation in Commercial Success  

In the interest of eliminating polluting pesticides 

and thereby protecting biodiversity in New York 

State, our NYSM Field Research Laboratory 

assisted in the commercial development of Bti — 

the selectively toxic bacterium, Bacillus 

thuringiensis subsp. israelensis — as the first 

biological control agent for black flies (Simuliidae). 

This bacterium, because of its extraordinary 

nontarget safety (Molloy 1982, 1990, 1992; 

Molloy and Jamnback 1981; Molloy and Struble 

 
Treatment of the Susquehanna River with Bti 

bacteria for black fly larval control.  
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1989), has now completely replaced broad-spectrum, chemical pesticides throughout New York State 

and elsewhere in North America for the control of these biting flies. The commercial use of this 

microbial agent is not small scale; large waterbodies, such as the Susquehanna River in Pennsylvania and 

the New River in West Virginia, are routinely treated with this bacterial species to control larval black fly 

populations.  

Research Progress to Date  

1. Inception of Project: Research Funded by Private Electric Power Industry  

The Empire State Electric Energy Research Corporation (ESEERCO2) — faced with the threat of zebra 

mussels fouling electric power facilities within New York State — contracted with our NYSM Field 

Research Laboratory in 1991 for the screening of bacteria as potential biological control agents. Based 

on the successful development of the environmentally safe, biological control agent for aquatic black fly 

larvae (see above), it was hypothesized (Molloy 1991) that bacteria also existed in nature whose toxins 

could be used as lethal agents for these new aquatic pests, zebra and quagga mussels. The research 

efforts funded by ESEERCO proved this hypothesis to be true (Molloy 1998). Extensive laboratory 

screening trials of more than 700 bacterial strains identified a 

North American isolate, strain CL145A of Pseudomonas 

fluorescens, to be lethal to these mussels. Of all 10 strains of P. 

fluorescens that have been laboratory tested to date, only Pf-

CL145A has been found to be highly lethal, i.e., at dosages that 

produce >90% zebra mussel kill with Pf-CL145A, the other 9 

strains of P. fluorescens caused only 0-11% mortality.  

Pseudomonas fluorescens is worldwide in distribution and is 

present in all North American waterbodies. In nature it is a 

harmless bacterial species that is found protecting the roots of plants from rot and mildew. It is so 

ubiquitous that it is a common food spoilage organism in the average household refrigerator. Our 

research, however, has shown that the Pf-CL145A strain of this species may be fortuitously used for 

another purpose — the control of Dreissena spp. (Molloy 2002). A patent for this purpose has been 

issued in both the United States (Molloy 2001) and Canada (Molloy 2004).  

 

2. Mussels Die from a Natural Toxin: Dead Bacteria Kill Equally As Well  

                                                           
2
 1 A research consortium of New York State’s electric power generation companies. 

Individual cells of P. fluorescens.  
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Although phytoplankton is their preferred food, Dreissena mussels can filter out and consume bacteria 

as a food source (Mikheev and Sorokin 1966; Frischer et al. 2000). When a zebra or quagga mussel 

ingests artificially high densities of strain CL145A, however, a toxin within these bacterial cells destroys 

the mussel's digestive system. Dead cells are equally as lethal as live cells, providing clear evidence that 

the mussels die from a toxin, not from infection. Techniques have already been developed at our 

laboratory that kill the bacteria without any reduction in their lethality to the mussels. Future 

commercial products based on this microbe will contain dead cells, thus further reducing environmental 

concerns. 

 

3. Mussel Feeding: Bacteria Are Readily Ingested 

Although ingestion of CL145A cells is clearly a suicidal behavior for Dreissena mussels, they appear to 

have no adverse reaction to feeding on the cells and filter normally throughout a typical 6-hr, once-

through pipe treatment. In contrast, biocides, like chlorine, that are currently being used for mussel 

control cause them to quickly shut their valves since the mussels apparently sense an adverse effect. 

This necessitates more prolonged chlorination periods, such as continuous treatments of three weeks or 

more. The apparent acceptance of CL145A cells as "normal" bacterial food by these mussels facilitates 

the use of this microbe as a biocontrol agent. 

4. Mussel Length: All Mussel Sizes Can Be Killed 

All Dreissena mussel sizes tested to date (length, ca. 1-25 mm) appear to be equally susceptible to kill by 

CL145A. Thus, the bacteria are capable of killing, irrespective of mussel size. Susceptibility of the 

planktonic mussel stage has not yet been tested. 

 

In healthy mussels, epithelial cells (arrows) appear as a 

thick layer lining the tubules of the digestive gland. 

Following bacterial treatment, epithelial cells are 

destroyed. Blood cells are abundant as the digestive 

gland hemorrhages. 
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5. Mussel Species: Both Species Can Be Killed 

The bacterium can kill zebra mussels 

(Dreissena polymorpha) and quagga 

mussels (Dreissena rostriformis 

bugensis) — the 2 species that invaded 

North America in the 1980s. Tests to 

date consistently achieve higher kill 

against zebra mussels.  

6. Water Hardness: Mussel Kill is Highest in Hard Water – the Preferred Dreissena Mussel Habitat 

Tests to date suggest that bacterial treatments may have reduced efficacy in soft waters with pH values 

less than ca. 7.4. Dreissena mussels, however, rarely reach high population densities in such (near 

neutral or acidic) waters, and thus, infested pipes in power plants typically will have more alkaline 

waters where bacterial efficacy will not be impaired. 

7. Dissolved Oxygen: Keep Oxygen Levels High to Ensure Highest Kill 

Laboratory tests indicate that very low oxygen levels (<2 ppm) can sometimes result in a 20% decline 

(e.g., 75% vs. 95%) in mussel kill. This is possibly due to lower feeding by the mussels on suspended 

bacteria under such low oxygen conditions. Thus, wherever possible, bacterial treatments should occur 

in waters of high dissolved oxygen – the preferred environment of Dreissena mussels. 

8. Water Temperature: Higher Kill at Warmer Temperatures  

Susceptibility increases with water temperature, with >90% mortality consistently achieved in routine 

lab testing at 23ºC against zebra mussels. High mortality is still achievable even in very cold waters, e.g., 

near 80% kill at 7°C, indicating that the bacteria are actually more effective at lower temperatures than 

currently commercialized chemical molluscicides used for Dreissena control. The latter commercial 

biocides, e.g., chlorine, cannot achieve such high mussel kill below about 10ºC, thus limiting their 

application to warm water periods. Mussels die more quickly at higher water temperatures, with all kill 

typically achieved within two weeks at 23ºC and two months at 7ºC. 

9. Suspended Particles: Avoid Treating in Periods of Very High Particle Loads To Ensure Highest Kill 

All mussel sizes show the same susceptibility. 
All mussel sizes show the same susceptibility. 
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Tests to date indicate that unusually high levels of naturally-occurring particles in water (e.g., suspended 

mud at greater than 100 ppm) can result in a 20% decline (e.g., 75% vs. 95%) in mussel kill. This is 

possibly due to competitive displacement, i.e., lower feeding by the mussels on the suspended bacteria 

vs. mud particles. Thus, wherever possible, bacterial treatments should not occur in waters of very high 

particle loads. 

10. Mussel Siphoning Behavior: Do Not Disturb Normal Mussel Feeding 

In nature, a dreissenid mussel typically has its two 

shells spread apart and extends an inhalant siphon 

tube from between its shells to take food particles 

into its mantle cavity. After passing through the 

digestive system, fecal material is egested through 

the exhalant siphon. Testing has generally indicated 

that the more active this siphoning behavior is, the 

higher the mortality that will be achieved by a 

bacterial treatment. Thus, any stress factors (e.g., 

vibrations, shadows) that cause the mussels to close 

their shells during treatment will likely reduce mortality.  

11. Treatment Concentration and Duration: Treat for about 6 hr for Maximum Kill 

Laboratory and facility trials indicate that ca. 6-hr treatments of ca. 50-100 ppm (dry bacterial mass per 

unit volume) consistently obtain the highest mussel mortality. Exposing mussels to longer treatment 

durations or higher bacterial concentrations is (particularly >12 hr) achieves very limited further benefit. 

12. Nontarget Trials: Outstanding Specificity  

Laboratory trials to date have been very encouraging regarding nontarget safety. At dosages which 
produced high zebra mussel mortality (76–100%), no bacteria-induced mortality was recorded among any 
of the nontargets, including fish, ciliates, daphnids, and bivalves:  
 Fish: No biotoxin-induced mortality has been observed in the three fish species thus far tested: 
fathead minnows (Pimephales promelas), young-of-the-year brown trout (Salmo trutta), and juvenile 
bluegill sunfish (Lepomis macrochirus). Laboratory and facility trials have indicated that fish can not 
tolerate exposure to high levels of live bacteria. Fish trials conducted with dead bacteria, however, have 
indicated that applications of killed cells were harmless to the fish, but yet were still highly lethal to the 
Dreissena mussels. To protect fish, as well as to reduce overall environmental concerns, future 
commercial products based on this microbe will contain almost exclusively dead cells.  
 Ciliates: Trials with the common freshwater ciliate Colpidium colpoda indicated that the bacteria 
were not only nonlethal, but served as a food source permitting higher rates of ciliate reproduction than 
ciliates held in untreated streamwater.  
 Daphnids: The microcrustacean Daphnia magna is an aquatic filter feeder that ingests small 
suspended particles including bacteria, making it an appropriate organism for non-target tests. Laboratory 
assays indicate that the bacteria are not lethal to this species.  
 Bivalves: Bacterial exposures caused no mortality to blue mussels (Mytilus edulis) or any of 6 
native North American unionid clam species (Pyganodon grandis, Lasmigona compressa, Strophirus 
undalatus, Lampsilis radiata, Pyganodon cataracta, and Elliptio complanata).  
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13. Trials at Power Plants: High Kill Can Be Achieved in Service Water 

Trials routinely achieving high zebra mussel mortality (ca. 70–97%) in pipes have been conducted at the 

New York Power Authority (NYPA) electric power station on the Mohawk River (Crescent, New York). 

Trials at the Rochester Gas & Electric’s Russell Power Station on Lake Ontario (Rochester, New York) 

have been primarily against quagga mussels (the less susceptible of the 2 North American Dreissena 

spp.) and routinely achieved 50-70% mortality. 

 

 

 

 

 

 

 

Brown Trout   Sunfish    Fathead minnows 

Daphids  Ciliates  Blue mussels  Unionids 

There has been no non-target mortality from the bacterial toxin yet observed. 

 
Very high zebra mussel kill (>95%) was 

consistently achieved in 6-hr treatments at 

100 ppm inside a NYPA hydropower plant 

under flow-through conditions (3 replicate 

pipes 17 m in length were used in this 

trial). Experiments to date indicate that 

there should be no limit on the length of 

pipe that can be successfully treated. 
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14. Identity of the Natural Product that is Lethal to Dreissena Mussels 

Research was undertaken to characterize, isolate, and identify the specific Dreissena-killing natural 

product that is associated with P. fluorescens strain CL145A cells. Treatment of toxic cells with lysozyme 

or deoxycholate appeared to separate the toxin molecules from the bacterial cells, suggesting that the 

toxin was associated with the outer membrane of the cells. Protease treatments also decreased toxicity, 

suggesting that the membrane-associated toxin was likely a protein. Cells that were mildly heated lost 

their ability to kill mussels, providing evidence that the toxin was heat-labile and protein in nature. 

A biochemical approach was undertaken in an attempt to get the toxin to adhere to particles which 

could hopefully be used to identify the toxin. Even though the toxin was able to be separated from the 

cells by chemical treatment (i.e., make the cells nontoxic), efforts to develop an effective method to 

deliver the solubilized toxin molecules to the mussels on particles that they would ingest were 

unsuccessful. As a result, we altered their biochemical experimental approach and decided to search the 

literature for documented products from P. fluorescens that matched characteristics of the mussel-

killing toxin. A candidate molecule investigated was glycine dehydrogenase, an enzyme that catalyzes 

the conversion of the amino acid glycine to hydrogen cyanide (HCN). Analysis of strain CL145A 

confirmed that it did produce trace amounts of HCN. Testing then focused on determining whether HCN 

was the toxin that was responsible for causing mussel death. These experiments demonstrated that 

treating CL145A cells with an irreversible flavoenzyme inhibitor, diphenyleneiodonium chloride (DPI), 

successfully blocked the ability of strain CL145A to produce HCN. Even though DPI-treated cells no 

longer produced trace amounts of HCN, the cells still remained equally lethal to the mussels, 

demonstrating that HCN wasnot the toxin that caused mussel death. Efforts are now underway at the 

NYSM to use genetic approaches to determine the identity of the toxin (see next section). 

15. Culturing Optimization and Fermentation Scale-up: 

Toxic P. fluoresens-CL145A cells are harvested during late linear to stationary growth phase under 

defined culture conditions. Toxic cells are routinely harvested from shake-flasks and 0.5-L fermentors at 

 
 
Pouring suspension of bacterial cells in 

preparation for pipe treatments within 

power plants. Advances in fermentation 

have allowed increasingly larger 

volumes of bacteria to be produced, thus 

allowing larger volumes of water to be 

treated in pipes. 
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the bench-scale and fermentation has been scaled to 100-L. Media components and fermentations 

parameters have been optimized to result in a proprietary medium and protocol that consistently 

produce toxic cells. The optimized medium has been further modified to define a commercial medium 

formulation at a fraction of the cost. 

 

16. Current and Recent Project Activities 

Research on this NYSM project is currently supported by the U.S. Department of Energy National Energy 

Technology Laboratory (DOE-NETL 2007). With this funding, the complete genome of strain CL145A has 

been sequenced, and research is currently underway to identify the gene(s) that produce(s) the mussel 

killing biotoxin. Successful identification of the gene(s) could lead to identification of the biotoxin 

molecule and ultimately to the production of cells of higher toxicity. 

Recently a grant from the National Science Foundation (NSF 2007) supported experimentation which 

developed a protocol to produce a dead-cell, powdered commercial formulation that would have good 

shelf life due to biotoxin stability. 

The lack of non-target impact when treating with dead cells may allow this novel green technology to 

also be used for Dreissena mussel control in open waters, such as lakes and rivers. Thus far, however, 

the research focus of the project has been controlling these mussels within power plant pipes. Recent 

preliminary trials against zebra and quagga veligers have suggested that this planktonic larval stage may 

actually be even more susceptible to the bacterial treatment that attached mussel stages. This suggests 

that bacterial treatments in open waters could significantly reduce veliger densities, thereby preventing 

high mussel density buildup and slowing the spread of mussel populations. 

17. Commercialization Partnership 

Following a nation-wide search, the NYSM has chosen to partner with Marrone Organic Innovations 

(http://www.marroneorganicinnovations.com/), a biopesticide company whose staff have unparalleled 

experience in the discovery, development, and marketing of natural products for pest management. 

These joint research efforts will be directed toward increasing bacterial cell toxicity via additional 

fermentation work and further understanding the chemistry of the toxic moiety so that cells can achieve 

even higher mussel kill and thus be more competitive with current polluting chemical control methods. 

Culturing has been optimized 

and scaled-up successfully from 

shake-flasks to 100-L fermenters. 
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Other critical steps toward commercialization include analytical method development, identification of 

the mussel-killing toxin, formulation improvement, and additional nontarget toxicology studies that will 

be mandated by the USEPA for product registration. 
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Douglas County is uniquely qualified for Trials 
 

A short list of unique assets: 

 

1) Minnesota voters overwhelmingly passed a supplemental sales tax to protect our lakes and 

rivers.  The Legacy Act fund currently totals more  $200 million and our state legislature is receptive to 

redirecting some of these funds to zebra mussel decontamination and eradication programs. 

 

2) State Representative Westrom and State Senator Ingebrigtsen represent the Douglas County district, 

both are well-positioned on key government environmental advisory boards to facilitate 

implementation of zebra mussel management programs. 

 

3) Douglas County is home to a chain of lakes featuring a broad range of lake bed substrate ( sugar sand, 

mud or rocks), water depth, lake traffic, varying degrees of zebra mussel infestations and superior 

infrastructure allowing easy Lake access. 

 

4)  Douglas County Commissioners are on record as wanting Douglas County to lead in proactively 

combating the spread of aquatic invasive species. The Commissioners favor matching funds and 

minimizing bureaucratic red tape in order to further the potential success of pilot programs. 

 

5) RMB Environmental Laboratories ( http://www.rmbel.info/ ) is headquartered in nearby in Detroit 

Lakes, this company has extensive lake monitoring experience and would be available to provide 

chemical analysis in support pilot activities. 

 

6) Alexandria Technical & Community College and the University of Minnesota Morris campus are both 

nearby and could supply a steady stream of well-educated and enthusiastic interns that could be 

employed in support of an open water test. 

 

7) Douglas County is home to numerous large-scale fabrication facilities that could quickly create and 

customize any marine specific equipment that may be required. 

 

8) The Douglas County Zebra Mussel Advisory Group is well-connected at every level of state and local 

government. When combined with other aquatic invasive species activists throughout the state, pro-

active trials would have a veritable army of supporting organizations. 

 

9) Minnesota is dependent upon recreational tourism, our 10,000 lakes are critically important to the 

economic well-being of the state. If we were able to conduct a successful trial this summer, every other 

Minnesota county would almost certainly seek Legacy Act funds to duplicate our efforts. No doubt, a 

highly motivated body of citizens. 

 

10) Gov. Mark Dayton and his newly appointed DNR chief have expressed a new found sense of urgency 

http://www.rmbel.info/
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in confronting the zebra mussel epidemic.  Representative Westrom and Sen. Ingebrigtsen can enlist 

Gov. Dayton's support to facilitate DNR cooperation. 

 

11) Key, interested individuals will take responsibility to raise the necessary funds, provide the 

equipment and the man power.  

 

12) Douglas County is a small county blessed with “can-do" spirit; this activity would be received with 

open arms and an army of willing volunteers. 
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Zequanox and Potassium Chloride Trials  

Application procedure outline and cost estimates  
 

The Potassium Chloride Application Process 

1) Identify potential treatment areas based on visual confirmation of zebra mussel shells on docks, lifts, 

rocks and vegetation. Confirm target areas by surveying lake for zebra mussel villager population, test to 

be conducted by RMB Environmental Laboratories of Detroit Lakes.  ZM population test consists of 

towing a very fine mesh net through the lake; debris is retrieved from the net and sent to the lab for 

analysis.  Zebra Mussel villagers are counted, population can be extrapolated due to count.   

 

2) Isolate confirmed population with the installation of a mechanical barrier such as a water curtain.  

The barrier performs two functions: 

1. it reduces the volume of water to be treated and  

2. it inhibits the dispersion of villagers.  

The curtain consists of long floats (booms) attached to vinyl curtains extending a predetermined depth 

below the water line, prior to deployment, the curtain is gathered up below the float and held in place 

with a tether (much like a shoe string). Curtains are deployed from the shore line and towed into place 

using a pontoon boat. Multiple lengths are connected on the beach prior to towing.  Anchors secure the 

floats at approximately 50 foot intervals. Once in place, the curtain ties are released, allowing the 

curtain drape to fall towards the lake bed.  Curtain drape lengths can be ordered in 1 foot increments to 

a maximum of 25 feet.  Drape height in excess of 25 feet becomes impractical to manipulate without 

special equipment.   

      Note that supplier quotes “calm water" product able to withstand 36 inch swells. 

 

3) Identification of zebra mussel infestations should occur April/November. Actual treatment during the 

spring or fall may be preferable as lake traffic is greatly reduced and lake equipment and lake weeds are 

typically absent. It would be possible to treat areas with existing lake equipment if home owners were 

willing to leave their boats on lifts for three weeks, water access could safely be allowed subject to DNR 

approval. "The target concentration was 100 milligrams of potassium per liter of water (mg/l, or parts-

per-million - ppm); far below the level that would invoke environmental or human health concerns, but 

more than twice the minimum concentration needed to kill all the zebra mussels." 

 

4) Potassium Chloride would be ordered in bulk as pellets -- brine would be prepared daily in holding 

tanks along the shore line. Brine would be pumped into a 200 gallon tank on a barge or pontoon boat. 



 

Page 37 of 39 
 

Administration of the potassium chloride brine would occur daily for a period of three weeks, pending 

once per week chemical analysis of concentration target levels ( approximately 100 parts per million of 

potassium per liter of water). RMB Labs can conduct the concentration tests. Potassium is administered 

by pumping potassium chloride onto a tank on board a work boat outfitted with a specially designed 

diffuser assembly on its bow. This device is basically a series of 4-6 hoses positioned at equal intervals 

across the bow of the boat and extending below the water line. The boat follows a path within the 

boundary of the water curtain, much like a lawn mower navigates across a lawn. Metering devices are 

built into the diffuser, basically valves that control the flow of the liquefied potassium chloride through 

the diffuser hoses. 

 

5) After a period of three weeks of treatment, follow up visual inspection and laboratory analysis of 

water samples to confirm eradication.   

 

6) Water curtains are gathered up while booms are still anchored in place, curtain drape is tied to the 

boom, boom is towed to shallow water and the individual sections are disconnected and loaded onto a 

trailer. 

 

7) Water curtain boom is ready for pressure washing decontamination and deployment onto another 

lake. Useful life span of the curtain is thought to be at least 5 years. 

 

Potassium Chloride Cost estimates 

Note: some costs are non-recurring 

Per acre potassium chloride cost for three week 
treatment achieving 100 ppm (parts per million) 
concentration approximately.  For bulk start. 

$7500 

1000 feet of water curtain 10 feet deep    $5500 

RMB Laboratories monitoring service $1636 

40 hours per week, three weeks labor for 3 men $12,000 

barge rental and fuel $4000 

quite likely we could find a donated boat 0 

diffuser and pumps $3000 

three 200 gallon tanks from Fleet Farm   $600 

30 anchors and rope, necessary to secure 1000 feet of 
boom 

$2500 

incidental expenses $1000 

Total $37,736.00 
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Zequanox cost estimates 

 

1) Zequanox open water application is strictly experimental; it is anticipated to be very similar in 

execution to that of potassium chloride. Steve Hirsh, DNR, estimated in an email to John Reynolds on 

March 25th that anticipated Zequanox treatment costs are currently $10,000 per acre, target lethality 

would approach 80%. Note the pictures contained in section 15 (see quotation below), of the 

background / overview at the beginning of this section.  Current maximum production batches are 

apparently 100 liters, approximately25 gallons. Costs should drop dramatically with commercial 

production. John Reynolds, from Representative Westrom’s office is working with Dennis Bitter from 

Marrone Bio Innovations to try and arrange collaborative testing of open water application of Zequanox 

in Minnesota lakes once EPA approval has been obtained.  Initial application will mimic potassium 

chloride method using tanks, barge and diffuser. 

       "Toxic P. fluoresens-CL145A cells are harvested during late linear to stationary growth phase under 

defined culture conditions. Toxic cells are routinely harvested from shake-flasks and 0.5-L fermentors at 

the bench-scale and fermentation has been scaled to 100-L. Media components and fermentations 

parameters have been optimized to result in a proprietary medium and protocol that consistently 

produce toxic cells. The optimized medium has been further modified to define a commercial medium 

formulation at a fraction of the cost."                 

1)  Note that all procedures must be approved by the DNR 

2)  Costs are rough estimates subject to confirmation by DNR Chemists and RMB Laboratories to 

confirm agent concentrations 

3)  references 

       a)  http://www.mortonsalt.com/products/watersoftner/potassiumpellets.html 

       b) http://www.wisegeek.com/what-is-potassium-chloride.htm     

       c) http://www.dgif.virginia.gov/zebramussels/ 

       d) http://www.erosionpollution.com/Type-II-Silt-Barrier.html 

       e) http://www.rmbel.info/ 

 

 

  

http://www.mortonsalt.com/products/watersoftner/potassiumpellets.html
http://www.wisegeek.com/what-is-potassium-chloride.htm
http://www.dgif.virginia.gov/zebramussels/
http://www.erosionpollution.com/Type-II-Silt-Barrier.html
http://www.rmbel.info/
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Note:  This booklet is the second presented to the Douglas County Board of Commissioners.  The first 

was accepted by the Board on April 12, 2011.  Copy is on file with the Douglas County Coordinator 

                                                           
3
 Contact information available from Dave Rush 


