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Low doses of EarthTec QZ 

ionic copper used in effort to eradicate quagga mussels 

from an entire Pennsylvania lake

Project Highlights
• Low dose, long exposure
• Treatment period about 40 days
• Project cost $109,000 
• Chemical cost $54,000  
• Outcome: Cautiously optimistic of eradication

• if not 100%, then >99%
• Met the goals of the client
• Impacts on non-targets: hard to find any





RFP issued by Susquehanna River Basin 
Commission in April 2017

EarthTec QZ was awarded the contract June 2017
Treatment scheduled for Sept 2017

• Acid-stabilized ionic copper 
• 5% copper by weight
• EPA-labeled as molluscicide for Open Waters
• Approved in all states with dreissenids
• No special permits required for this Pennsylvania project

and



Eradication of Zebra Mussels from Billmeyer Quarry Lake, Pennsylvania

Sept 4-Oct 4, 2017

Work performed SOLitude Lake Management, Inc. 

Susquehanna RiverBillmeyer Quarry 

• Former lime quarry, 1846-1950 
• About 30 surface acres 
• Max depth about 130 feet 
• Scuba Diving School for 33 years, until 2011
• Quagga mussels detected 2007, then throughout 
• Consumptive Use Mitigation Plan, perform aquifer test 
• This was a management decision, not a research project 



Eradication of Zebra Mussels from Billmeyer Quarry Lake, Pennsylvania

Sept 4-Oct 4, 2017

Work performed SOLitude Lake Management, Inc. 

• Isolated Waterbody
• Controlled Access
• High Alkalinity
• No Species of Concern



Billmeyer Quarry Lake, Pennsylvania

Lots of Fish: bluegill, largemouth and smallmouth bass, channel catfish, gizzard shad, bullhead
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Avg Zebra Mussel Mortality, EarthTec QZ Applied in Pipeline
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100% mortality in 6 days at 120 ug/L, in 12 days at 60 ug/L, in 28 days at 30 ug/L
(EPA max = 1 mg/L = 1,000 ug/L) 

0.5 ppm
1 ppm2 ppm

= 30 ppb 
as copper

= 60 ppb 
as copper

= 120 ppb 
as copper

What dose? Strategy at Billmeyer Quarry: Low dose for a long exposure 



“Effectiveness of a copper based molluscicide for controlling: Dreissena adults”, Ian Lake-
Thompson and Ron Hofmann, February 2019, Environmental Science: Water Research & 
Technology 5(4).   DOI: 10.1039/C8EW00890F

Dose-Mortality using EarthTec QZ

“Zebra and Quagga Mussel Veliger Mortality After Continuous Exposure to EarthTec® QZ”, 
Carlos Alonzo Moya and Ron Hofmann, April 2019, University of Toronto, in press. 

Adult mussels Veligers



Katherine Ayres, Renata Claudi, Tom Prescott, Michael Booth.  “Temperature and Dose Response 
of Invasive Quagga Mussels to Various Molluscicides in High Conductivity Water”, 2017. 

Ionic Copper (EarthTec QZ formulation) in Lake Piru, CA water  



“Effects of temperature and exposure duration on four potential rapid-response tools for zebra mussel (Dreissena polymorpha) eradication”
James A. Luoma*, Todd J. Severson, Matthew T. Barbour and Jeremy K. Wise, 2018 

Dose required for 100% mortality
Luoma et al, 2018



Examples of Invasive Mussel Eradication or Control in 
Open Waters with EarthTec QZ 

A. Rapid Response projects: 
1. 2014: Christmas Lake
2. 2014: Independence Lake 
3. 2015: Ruth Lake 
4. 2016: Lake Minnewashta
5. 2017: Lake Marion 
6. 2018: Richland Chambers, TX

B. Full-lake eradications:  
6. 2016: Indiana private lake 
7. 2017: Billmeyer Quarry, PA 
8. 2017: Minnesota Zoo 

C. Fish Hatchery eradications and decontaminations:  
9. 2016: Indiana 
10. 2017: Oklahoma 
11. 2017: South Dakota 
12. 2019: Sedona, AZ



Susquehanna River

Billmeyer Quarry 



Target dose 0.4 mg/L in the treatment area, 
and 0.2 mg/L n the basis of the entire volume





Placing cages at 12 different locations and 4 different depths.

Work performed SOLitude Lake Management, Inc. 



Cages were placed at 12 different locations and 4 different depths.
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Summary of QZ Dosing and Costs for 
Eradicating Invasive Mussels from Open Waters

Eradication of Quagga Mussels from Billmeyer Quarry, Pennsylvania
Sept - Oct, 2017

Work performed SOLitude Lake Management, Inc. 

Lake size, acres 30

Max depth 115 ft

Avg depth 51 ft

Target copper conc (mg/L) 0.2 mg/L

# of Applications 3

Treatment period 37 days

Sum of copper applied (3 doses) 0.44 mg/L 

Chemical cost $53,625

Cost per acre $1,788

Cost per million gallons $110



Monitoring Results 2017-2019

eDNA by qPCR: 
• Early Dec, 2017:  Trace eDNA detected, but not enough to qualify as a positive 
• July 2018: No dreissenid eDNA detected 
• Aug 27, 2019:  Four eDNA samples, all negative for dreissenid mussel DNA

Plankton Tows and microscopy: 
• July 2018: possible veliger shells detected in preserved sample collected by SRBC –

dead or alive?  Washed in by rain on rocks? 
• Aug and Sept 2018: 2 further rounds of veliger tows found no dreissenids
• Aug 27, 2019:  Four vertical plankton tows contained nothing resembling a mussel.

Monitoring will continue in 2019-2020.  



Aug, 2019:  Non-target Organisms in Plankton Tows at 2 years post-treatment:

Cladocerans >> Copepods >> Ostracods > Phantom midge larvae 

Other Diptera, rotifers, chironomids, mayfly, caddisfly, coleoptera Ditistid diving beetle larvae.

Base of Food Web Still Intact

Work performed Normandeau and Associates, Inc. 



Abundance of non-target zooplankton at 1 year post-treatment

Individuals per field of view: 

Work performed Normandeau and Associates, Inc. 



Site 1 Site 2 Site 3 Site 4

Cladocerans 25 17 16 15

Copepods 3 2 2 2

Ostracods 3 3 3 3

Abundance of non-target zooplankton at 1 year post-treatment

Individuals per liter: 

Site 1 Site 2 Site 3 Site 4

Cladocerans 72,491 69,287 64,080 66,964

Copepods 9,612 9,212 9,612 11,214

Ostracods 8,330 10,894 12,816 15,059

Nauplei 6,408

Work performed Normandeau and Associates, Inc. 

Individuals per 5-10 meter tow: 



Non-Target Impacts 

• Negligible impact on fish population

• Abundant fish observed before, during, and post 
treatment.

• 4 clam veligers observed in 2018 samples

• Abundant macroinvertebrate life observed in 2018 
and 2019 samples 





EarthTec QZ used to successfully eradicate invasive Chinese Pond Mussel from 
sole known U.S. infestation. 

EarthTec QZ also used to eradicate 
New Zealand mud snail from a brown 

trout hatchery in Arizona and 
parasitic fluke in Mississippi catfish 

farms 



EarthTec QZ being used in 2019 to eradicate New Zealand mud snail from a 
brown trout hatchery in Arizona



EarthTec QZ scenario for Eradicating Quaggas from San Justo Reservoir

EarthTec QZ estimate Existing Water Mid Water Low Water

ac-ft in San Justo 7,445 5,059 1,055

mg/L as copper 1.2 1.2 1.2

gals QZ required 48,541 32,985 6,879

Truckloads 10.8 7.3 1.5

Est. chem cost using QZ $583,000 $396,000 $82,000

Est. applied cost, EarthTec QZ $783,000 $516,000 $156,000

Conservative estimate, allowing for almost 3x 
the concentration applied to Billmeyer Quarry

40% smaller 
than 

Billmeyer
Quarry



Potash per Bureau of Rec Existing Water Mid Water Low Water

ac-ft in San Justo 7,443 2,638 525

mg/L, dose as potassium 100 100 100

gals potash slurry 1,866,000 661,361 131,620

Truckloads 374 133 27

Est. chem cost using potash $2,220,000 $787,000 $157,000

Est. applied cost, potash $5,611,000 $1,989,000 $396,000

Cost of QZ vs Potash 14% 26% 39%

Comparison of Options for Eradicating Quaggas from San Justo Reservoir: 
ionic copper vs potash

EarthTec QZ estimate Existing Water Mid Water Low Water

ac-ft in San Justo 7,445 5,059 1,055

mg/L as copper 1.2 1.2 1.2

gals QZ required 48,541 32,985 6,879

Truckloads 10.8 7.3 1.5

Est. chem cost using QZ $583,000 $396,000 $82,000

Est. applied cost, EarthTec QZ $783,000 $516,000 $156,000



EPILIMNION
(very warm water)

THERMOCLINE
(warm/cool water)

HYPOLIMNION
(very cold water)

Copper concentration by depth on Day 13 of treatment



Take-aways for future projects

A. Treatment and even eradication are feasible, though perhaps not everywhere 

1. Small lakes best

2. Case-by-case analysis and treatment protocol 

a) Temperature, water chemistry, non-targets 

B. Consider stratification and mixing 

C. Evaluate results using multiple criteria 



Thank you! 

David Hammond, PhD
Senior Scientist, Earth Science Laboratories 
510 289-3310 
dhammond@earthsciencelabs.com

mailto:dhammond@earthsciencelabs.com


Appendix 



Decontamination of Zebra Mussels from Oklahoma state fish hatchery

Lake Hefner, infested 
with zebra mussels

6 fish ponds, 
fed by Lake Hefner

Pond water gets 
discharged to 

uninfested creek Treatment Goal: 
Kill all veligers in pond 

water prior to discharge 
into creek



Decontamination of Zebra Mussels from Oklahoma state fish hatchery

Side benefits:  Improved yields, healthier fish



Decontamination of Zebra Mussels from Oklahoma state fish hatchery

Side benefits:  Improved yields, healthier fish



21-Day Toxicity of EarthTec to Rainbow Trout (Oncorhynchus mykiss) 

Both tests performed by Aquatic Bioassay & Consulting, Inc., Ventura, CA
NOEC = No Observed Effect Concentration. Salmonids like rainbow trout are frequently used for 

toxicity testing because they are among the most environmentally sensitive fish. 

The effective EarthTec dose for algae and invasive mussel 

control is safe for even the most sensitive fish 

Measured 

Effect

μL/L, as 

EarthTec

ppm, as 

copper

ppb, as 

copper

NOEC 4.0 0.240 240

LC25 4.4 0.263 263

LC50 4.9 0.294 294

4-Day Toxicity of EarthTec to Rainbow Trout (Oncorhynchus mykiss) 

 Measured 

Effect

μL/L, as 

EarthTec

ppm, as 

copper

ppb, as 

copper

NOEC 4.000 0.240 240

LC25 4.530 0.272 272

LC50 4.840 0.290 290



Eradication of Zebra Mussels from Lake Minnewashta, Minnesota

Sept 13-23, 2016

Source: Eric Fieldseth and Jill Sweet, Minnehaha Creek Watershed District

Water Temperature 19°C = 66°F



Eradication of Zebra Mussels from Lake Minnewashta, Minnesota

Sept 13-23, 2016

Source: Eric Fieldseth and Jill Sweet, Minnehaha Creek Watershed District

Water Temperature 19°C = 66°F



2011, Vol 21, Issue 21 
Department of Pharmacology and Cancer

Biology, Duke University School of Medicine,

http://www.cell.com/current-biology/home


2011, Vol 21, Issue 21 
Department of Pharmacology and Cancer

Biology, Duke University School of Medicine,

Copper is an essential 
micronutrient across 

all kingdoms and phyla, 
and participates in: 

• Photosynthesis 
• Respiration 
• Electron transport 
• ATP synthesis 
• Membrane transport 
• Enzymatic activity 
• Others 

http://www.cell.com/current-biology/home


% Inhibition of Algal Growth after 96h of exposure to copper 
delivered as conventional copper sulfate vs EarthTec

Tests performed by Aquatic BioAssay and Consulting Inc., against the indicator algal species, Selenastrum
capricornutum, according to standard bioassays of chronic exposure, 96 hours. 

The copper dose required to achieve a given % inhibition of algae is 
much lower if applied as EarthTec than if applied as copper sulfate

Copper Sulfate  vs  EarthTec

0.28
0.30

0.32

0.36

0.42

0.46

0.02
0.05

0.07

0.12

0.17
0.19

0.00

0.10

0.20

0.30

0.40

0.50

0 5 10 15 20 25 30 35 40 45 50 55

C
o

p
p

e
r 

co
n

ce
n

tr
at

io
n

 (
u

g
/L

)

% algal inhibition

CuSO4·5H2O

EarthTec



0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Copper
Sulfate

NatrixTM CaptainTM EarthTec®

9
6

h
 A

ve
ra

ge
 P

er
ce

n
t 

M
o

ra
lit

y

0.5 mg/L copper equivalent 

Zebra

Quagga

Average percent mortality after 96h of exposure to copper-based 
algaecides at 0.5 mg/L copper equivalent

Renata Claudi M.Sc., T.H. Prescott P.Eng., Sergey Mastisky Ph.D. & Heather Coffey M.Sc., “Efficacy of Copper Based 
Algaecides for Control of Quagga and Zebra Mussels”, January, 2014. 

Even at equivalent doses of active ingredient, EarthTec is more effective. 
And we now know much lower doses of EarthTec are still effective against mussels.

Copper Sulfate  vs  EarthTec



Millbrook 

(potash)

Billmeyer 

(ionic copper) unit factor

Area: 12 30 acres 2.5

Volume: 180 485 million gallons 2.7

Cost: $365,069 $109,400 contract total 30%

Cost/vol: $2,028 $226 project cost per million gallons 11%

Chemical: 174,000 3,545 gallons of product 49.1

Several tanker trucks per day for 3 weeks

Comparison of Scenarios for Millbrook Quarry, VA: 
potash vs ionic copper


